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wherein: 

A is CHo. or a single bond; 

R. is selected from: OH, OR, CO^H.COaR^COH, COR. SO^R.CN; 

R. and Ro are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Ue^^n: 
Sd R is se ected fre.^ H, R, OH, OR, halo, amino, NHR, nilro, Mo3Sn. where R ^s as dofmod -b^ve or the 
™ d ifa wHh each monomer being the same or different and being of fom^ula la or lb, where the Be 

grups of t "e monomers form together a bridge hav.ng the formula -X-R-X- linking the monomers, where R s an 
Tyirne Chain containing from S^o 12 carbon atoms, which chain may be interrupted by one ^^^-^^^^^^^ 
and/or aromatic nngs and may contain one or more carbon-carbon double or triple bonds, and each X .s independ 
ently selected from O, or N; 

occ.pt that in a compound of formula la when A is a single bond, then R, is not CH=CH(CONH,) or CH=CH<CONMe,). 

Other related compounds are also disclosed. 
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Background to the invention 

[0001] Some pyrroloben?odiazepines (PBDs) have the ability to recognise and bond to specific sequences of DNA; 
the preferred sequence is PuGPu. The first PBD antitumour antibiotic, anthramycin, was discovered m 1965 (Le,m- 
qruber eta/., 1965 J. Am. Chem. Sac.. 87, 5793-5795; Leimgruber el at., 1965 J. Am. Chem. Soc. 87, 5791-5793 . 
Since then a nurriber of naturally occurring PBDs have been repotted, and over 1 0 synthelc routes tiave been devel- 
oped to a variety of analogues (Thurston olal., 1 994 Chem. Rev. 1994, 433-465), Family members include abbeymyon 
(Hochlowski et ai, 1 987 J. Anmotics, 40, 1 45-148), chicamycin (Konishi et al., 1 984 J. Ant,b,otics. 37 200-206), DC- 
81 (Japanese Patent 58-180 487; Thurston et al., 1990, Chem. Brit., 26, 767-772: Bose at al ^992 TB,rahedron AS, 
751-758) ma/ethramycin (Kuminoto etal., 1980 J. Antibiotics. 33, 665-667). neolhramycins A and B (Takeuchi etal.. 
1976 J Anmcs, 29, 93-96), porolhramycin (Tsunakawa et at.. 1988 J. Antibiotics. 41, 1366-1373) prothracarcin 
(Shimizu etal. 1982 J. Antibiotics. 29, 2492-2503; Langley and Thurston, 1937 J. Org. Chem., 52, 91-97), sibanomicin 
DC-102)(Hara etal.. 1988 J. AnUbiotics, 41, 702-704; Itch el al.. 1988 J. Antibiotics. 41. 1281-1284), sibironiycin 
(Leber eta!.. 1988 J. Am. Chem. Soc, 110, 2992-2993) and tomamycin (Arima e( al.. 1972 J. Antibiotics, 25, 437-444). 
PBDs are of the general structure: 
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They differ in ihe number, type and position of substituents, in both their aromahc A nngs and PV^ ° ^ nngs^ and ,n 
the degree of saturation of the C ring. In the B-rIng there is either an imire (N^C), a carb,nolaminG(NH-CH(OH)) o a 
carbinotamine methyl ether (NH-CH(OMe)) at the N10-C11 position which is the electrophilic centre r^^P^^^'^'^jf ^ 
alkylating DNA All of the known natural products have an (S) -configuration at the ch.ral C11 a position which provides 
Ihem with a right-handed twist when viewed from the C ring towards the A ring. This gives them the appropriate three- 
dimensional shape for isoheliclty with the minor groove of B-iotm DNA, leading to a snug fit at the binding s.te (Kohn, 
1975 In Antibiotics III. Springer-Verlag, New York. pp. 3-11 ; Hurley and '^'^^dh^'^^^"^^^^'^:; J^^f^^^^"^^^*^^^^^ 
Res., 19, 230-237). Their ability to form an adduct in the minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 

Disclosure of the invention 

[0002] A first aspect oT the present invention is a compound with the formula la or lb: 





wherein: 



55 A is CHo, or a single bond; , . , ^, , , 

R2 is selected from: B. OH, OR. CO,H, CO,R. COH, COR, SO^R. CN; R^, R7 and R9 are independently selected 
from H. R, OH, OR, halo, amino, NHR, nitro, MegSn; 

where R is a lower alky! group having 1 to 10 carbon atoms, or an aralkyl group (le. an alkyl group with one or 
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more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyl group optionally oonta.ns one or 
more carbon-carbon double or triple bonds, which may form part of a conjugated system, or an ^ry\ group, pref- 
erably of up to 12 carbon atoms; and is optionally substituted by one or more halo, hydroxy, ammo, or nitro groups^ 
and optionally containing one or more hetero atoms which may fonm part of, or be, a functional group; or and 

5 B„tOQetherfromagroup-0-(CH2) -0-,whQr6pis1 or2: ^ ^ t,„w„ „r th,. 

and R« is selecledlrom H. R, Oh'; OR. halo, amino, NHR, nitro, Me.Sn, where R ,s as defmed above, or the 
compound is a dimer with each monomer being the same or different and being of formula la or lb, where the Ra 
oroups of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R s an 
alky lene chain containmg from 3 to 1 2 carbon atoms, which chain may be interrupted by one or more hetero-atoms 

w and/or aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbori double ortnple bonds, 

and each X is mdependently s.i- .ted from O, S, or N; except that in a compound of fomiula la when A .s a single 
bond, then R2 is not CH-CHfCCNHg) or CH=CH(CONMe2). 

r00O31 If A is a single bond then R, is bonded directly to the C-ringol the PBD. ., , ^ . 

If R is an a'^1 group, and contains a hetero atom, ,hen R is a heterocyclic group. If R ,s an a^yl chain^ and 
contains a hetero atom, the hetero atom may be located anywhere in the atkyi chain, e.g. O-CsHg, -CH2-S-OH3, 
may form part of or be a functional group e.g. carloonyi, hydroxy. , ^^lj ,~oadb >.,h<=r<, 

[00051 It is preferred that In a compound of formula la when A is a single bond, then R^ is not CH=CRArb. ^here 
RA and RB are independenlty selected from H, RO, CORC, CONH^. CONHRC, CONR^, cyano or phosphonate, where 

20 rC is an unsubstituted alkyl group having 1 to 4 carbon atoms. „„,^r:^Kiv, 
[00061 R is preferably selected from a lower alKyl group having 1 to 1 0 carbon atoms, or an ara ky I group preferab y 
S up to 12 ca*on atoms, or an aryl group, preferably of up to 12 cartoon atoms, optionally substituted by one or more 
t^o hydroxy amino or nitro groups, it is more preferred that R is selected from a lower alkyl group having 1 to 10 
caLn atoml optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is pamcularty pre o.od 

25 that R is an unsubstituted straight or brar>ched chain alkyl. having 1 to 1 0, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms, e.g. methyl, ethyl, n-propyl, n-butyl or t-butyl. ^ . ^ ^„„ti„ o„i„^t=rt 

10007] Alternatively, Re. R7. R9 «nd, unless the compound is a dimer, R^ may preferably be independently selected 
from R groups with the following stmctural characteristics: 

30 (i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyl group; 

(iii) an ethenyl group conjugated to an electron sink. 

[0008] The tem. 'electron sink' means a moiety covalently attached to a compound which is capable of reducing 
35 electron density in other parts of the compound. Examples of electron sinks include cyano, carbonyl and ester grc ups^ 
It may be preferred that A is CH, and/or that R, is CO,H. CO,R, CH.OH. or CH3OR. It may befurtherpreferred 

So] a dimer, R3 are preferab, selected trom H and OP, ar,d „ 

licularly H, OMe and OCH^Ph. It is further preferred that R, and, unless the compound is a dimer, Rg are OR, more 

40 nrr^^pmh!v OMe or OCH^Ph, and that R/^ and Rq are H. . l.* u 

pi] If aTs a Single bond, then R, i/preforably an aryl group, eg Ph, p-MeO^Ph or an alkyl or ^^^^^ ^ro 
contains at least one double bond which forms part of a conjugated system wUh the double bond of the C^nng, eg 
CH^CHs, GH=CH-CH3. 

[0012] Compounds of the first aspect of the invention are preferably of formula la , ^ . o ^A/here 

45 [0013] If the compound of forr^ula la or lb Is a dimer the dimer bridge may be of the formula -0-(CH2)p where 
p is from 1 to 12, more preferabiy 3 to 9. 

[0014] A second aspect of Ihe present invention is a compound with the formula U: 




55 



wherein: 
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R'2 is selected from: O, CHR"2, where R"2 is selected from H, R, COgR, COR. CHO, CO^H.. halo; 

R« R, and Ro are independently selected from H, R, OH, OR, halo, ammo, NHR, nitro, MegSn; 

where R is a lower alkyi group having 1 to 10 carbon atoms, or an aralkyi group (i.e. an alkyi group with one or 

more aryl substituents), preferably of up to 12 carbon atoms, whereof the alkyI group optionally contams one or 

5 more carbon-carbon double or triple bonds, which may fomi part of a conjugated system, or an aryl group, pref- 

erably of up to 12 carbon atoms: and is optionally substituted by one or more halo, hydroxy, ammo, or nitro groups, 
and optionally containing one or more hetero atoms which may form part of, or be, a functional group, 
and is selected from H. R, OH, OR, halo, amino, NHR, nitro, MegSn, where R is as defined above or the 
compound is a dimer with each monomer being the same or different and being of formula tl, where the Rg groups 

10 of the monomers form together a bridge having the formula -X-R'-X- linking the monomers, where R is an alkylene 

chain containing from 3 to 12 cart)on atoms, which chain may be interrupted by one or more hetero-atoms and/or 
aromatic rings, e.g. benzene or pyridine, and may contain one or more carbon-carbon double or triple bonds, and 
each X IS independently selected from O. S, or N; or Ry and R9 together forni a group -0-(CH2)p-0-, where p is 1 
or 2: except that; 

15 

(,) when R', IS CH-Et, and Rg. Bg and Rg are H, Bj is not sibirosamMne pyranoside, and 
(„) When R , is CH-Me, and Rg and Rg are H, R, and Rg are not both H or both OMe, or OMe and OH respec- 
tively II R is an aryl group, and contains a hctero atom, then R is a heterocyclic group. If R is an alkyI chain, 
and contains a helero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -O-C2H5, -CH2- 
20 S-CH3, or may foim part of or be a functional group e.g. carbonyl, hydroxy. 

roOl 51 R IS preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an aralkyi group, preferably 
of up to 1 2 carbon atoms or an a^l group, preferably of up to 1 2 carbon atoms, optionally substituted by one or more 
halo, hydroxy, amino, or nitro groups. It ,s more preferred that R is selected from a lowor alkyl group having 1 to 10 
25 carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particuiarly P^^ erred 
that R is an unsubstituted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4. carbon atoms, e.g. methyl, Gthyl, n-propyl, n-butyl or t-butyl. . ^ ^ „ „i 

[00161 Alternatively, Rg Ry and R^and, unless thecempound isadimer, R^ may preferably be independently selected 
from R groups with the following structural characteristics: 

30 

(i) an optionally substituted phenyl group; 

(ii) an optionally substituted ethenyi group; 

(iii) an ethenyi group conjugated to an electron sink. 



35 



40 



r0017l R', is preferably O.CHp or CHCH3 and more preferably CH2 or CHCH3, 

001 8 R. R. and R, and, unless the compound is a dimer, R3 are preferably selected from H and OR and a halogen 
atom, and more particularly H, OVIe and OCH^Ph, and I, It is further preferred that R, and unless J^e compound is a 
dimer, R3 are OR or a halogen atom, more preferably OMe, OCH^Ph or I, and that Rg and Rg are H. Most preferably 

[Oofgr^f the compound of formula II is a dimer. the dimer bridge may be of the formula -0-(CH2)p-0-, where p Is 

from 1 to 12, more preferably 3 to 9, and most preferably 3 to 5, 

[0020] A third aspect of the present invention is a compound with the fomnuta 111: 




(111) 



wherein: 

Rg, R7 and Rg are independentiy selected from H, R, OH, OR, halo, amino, NHR, nitro, MogSn; 

where R is a lower alkyi group having 1 to 10 c.rbon atoms, or an .iralkyl group (i,e an alkyl group with one or rnore 
aryl substituents), prefembly of up to 12 carbon atoms, whereof the alkyl group optionally contains one ormore carbon^ 
carbon double or triple bonds, which may form part of a conjugated system, or an aryl group, preferably of up to 12 
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carbon Rtoms; and is optionally substitiited by one or morG iialo, hydroxy, amino, or nilro groups, and optionaTly con-^ 
taining one or more hetero atoms which may form part of, or be, a functronat group; and Rg is selected from H, OH. 
OR halo amino. NHR. nitro. MesSn. where R is as defined above or the compound is a dinner with each monomer 
being the same or different and being of formula 111, where the Ra greups of the monomer form together a bridge having 
5 the formula ^X-R-X- linking the monomers, where R' is an alkylene chain containing from 3 to 12 carbon atoms, which 
chain may be interrupted by one or more hetero-atoms and/or aromatic rings, e.g. benzene or pyridine, and may contain 
one or more carbon-carbon double or triple bonds, and each X is independently selected from O. S, or N; or R^ and 

together form a group -0-(CH2)p-0-, where p os 1 or 2; 
wherein at least one of Re, Ry, Rq and R9 are not H: except that: 

(i) when Re and R9 are H, and Rg are not both OMe, OMe and OBn respectively, or OMe and OH respect^vely; 

(ii) when Rg and Ry are Rq and Rg are not Me and OH respectively; 

(iii) when three of Rg, Ry, Rq and Rg are H, the other is not Me; 
(!v) when Rg, Ry, and are H, R9 is not OMe; 

15 (V) when Rg, Rs arid Rg are H, Ry ts not OMe; and 

(vt) when Rfi, and R9 are H and Ry is OMe, the compound ss not a dinner, 

[O0211 if R Is an aryl group, and contains a hetero atom, then R Is a heterocyclic group. If R is an alkyi chain, and 
contains a helero alom^ the helero atom may be located anywhere in the alkyI chain, e.g. -O-C^Hs, -CH2-S^CH3, or 

20 may form part of or be a functional group e.g. carbonyl, hydroxy. 

[0022] R IS preferably selected from a lower afkyl group having 1 to 1 0 carbon atoms, or an aralkyl group, preferably 
of up to 12 carbon atoms, or an aryl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy, amino, or nitro groups, it is more preferred that R is selected from a lower alkyI group having 1 to 10 
carbon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups. It is particularly preferred 

25 thai R is an unsubstttuted straight or branched chain alkyl having 1 to 10, preferably 1 to 6, and more preferably 1 to 
4 carbon atoms, e.g. methyl, ethyL n-propyl, n-butyl ort-butyi. 

[0023] Alternatively, Rg, R- and R9 and. unless the compound is a dimer. Re, may preferably be independently se- 
lected from R groups with the following structural characteristics: 

30 (i) an opt'tonatly substituted phenyl group; 

(it) an optionally substituted ethenyi group; 

(iii) an ethenyl group conjugated to an electron sink. 



35 



[0024] It is preferred that either: 



(i) only one of Rg, Ry, Rg and R9 is H; or 

(ii) at least one of R5, Ry, Ra, and R^ is NH2; or ...... 

(iii) at least one of Rg, R^. Ra and is an ary\ group, preferably of up to 12 carbon atoms, which ^s optionally 
substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero ator^s 

40 which may form part of, or be, a functional group, 

[0025] If only one of Rg, Ry. R3 and Rg, it is further preferred that the A-ring substiluents (I.e. those of Rg. Ry* ^9 
and unless the compound is a dimer, Rg which are not H) are OR, and are more preferably selected from OMe. and OBn. 
[00261 If at least one of Rg, R7. Ra and R9 is an aryl group, preferably of up to 12 carbon atoms, wh^ch is opt^onaHy 
45 substituted by one or more halo, hydroxy, amino, or nitro groups, and optionally contains one or more hetero atoms 
which may fonn part of, or be, a functional gmup, it is further preferred that at least one of R^, Ry, Rg and Rg. is a 
phenyl group optionally substituted by one or more melhoxy, elhoxy or nitro groups, although the nitro groups are less 
preferred. More preferably^ the aryl group is selected from: Ph and p-MeO-Ph. 

[0027] [f the compound of fonnula IH is a dimer, the dimer bridge may be of the formula -0-(CH2)p-0-, where p is 
50 from 1 to 12. more preferably 3 to 9. Also in this case, it is preferred that Rg and Rg are H, and R7 is an aikoxy or 

aryloxy group. 

[0028] A fourth aspect of the present invention provides a compound with the formuta IV^ 
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(IV) 



wherein; 



and R, arc independently selected from H, R. OH, OR, halo, amino, NHR, mtro, MepSn; 

where R is a lower alkyl group having 1 to 1 0 carbon atoms, or an aratkyi gro.p (i.e. an alkyl group with one or 

more aryi substituenls), preferably of up to 12 carbon atoms, whereof the alkyl group optionally contains one or 

more carbon-carbon double or triple bonds, which may tomi part of a conjugated system, 

Prably of up to 12 carbon atoms; and is optionally substituted by one or more halo, hydroxy, ammo, or nitro groups, 

and optionally containing one or more hetero atoms which may form part of, or be, a functional group; 

Rg and Re" are either independenlty selected Irom H, R or together form a cyclic amine; and n ,s from 1 to 7. 

[00291 If R„' and R^" fom, a cyclic amine, then there Is usually a single N atom in a ring which is otherwise carbocyclic 
and is preferably 5- or 6- membered ar,d may be saturated or unsaturated. The ring may be fused to another nng 
Jyst mThich'may be aromatic, e g. being a benzene ring. Th.s for example the cyclic amine -J - V - 
isoindotyl group. It is also possible that the cyclic amine contains one or more hetero atoms, rn addition to N in the 

25 amine ring and/or in a fused ring and may also be substituted by one or more R gmups. 

[0030] If R is an aryl group, and contains a hetero atom, then R is a heterocyclic group, If R is an alkyl chain^ and 
contains a hetero atom, the hetero atom may be located anywhere in the alkyl chain, e.g. -O-C^H^, -CH^-S-CHa, 
mav form part of or be a functional group e g carbonyl, hydroxy. ^,„.,ww 
rOD31] R is preferably selected from a lower alkyl group having 1 to 1 0 carbon atoms, or an ar. kyl ^--^'^^^l^^^ 

30 of up o 12 caLn atoms, or an a-yl group, preferably of up to 12 carbon atoms, optionally substituted by one or more 
halo hydroxy amino or nitro groups. It is more preferred that R is selected from a lower alkyl group having 1 to 10 
bon atoms optionally substituted by one or more halo, hydroxy, amino, or nitro groups^ It - P^-l'-'- V f [f^ 
that R is an unsubstftuted straight or branched chain alkyl, having 1 to 10, preferably 1 to 6, and more preferably 1 to 

4 carbon atoms, e g methyl, ethyl, n-propyl, n-butyl or t-butyl. 
35 f00321 itmavbeprGferredthatoneof R's and R-'a is a nitrogen protecting group, such as Fmoc. 

SoSS r"s preferably an electron donating group, and Is more preferably of the fomiula OR; Pf^t.cular y preferred 
are the groups OMe. OEt and OBn. The temi 'electron donating group' means a moiety covalently attached to a 
compound which is capable of increasing electron density m other parts of the compound, 

[0034] in addition R^ and R^ are more preferably selected from H and OR; paiticularly preferred are Ol^fle. OEt and 



40 OBn. 



[0035] Alternatively, R„ R, and R« may preferably be Independently selected from R groups with the following struc- 
tural characteristics; 

(i) an optionally substituted phenyl group: 

(ii) an optionally substituted ethenyl group; 

(lit) an ethenyl group conjugated to an electron sink. 

[00361 n is preferably 1 to 3, and more preferably 1 . . ^ tu vh fr,, .nh 

0037^ A fifth aspect of the present invention is the use of a compound as described in the first, second^ third or fourth 
aspects of the inventior. in a method of therapy. Conditions which may be treated include gerie-based dise^se^^"- 
cludlnq for example neoplastic diseases and Alzheimer's Disease, and also bacterial, parasit.c and viral 'nfections^ 
Any condition which may be treated by the regulation of gone expression may be "^^^ ^^'^P^';" J^^' ''^ 

rnvLtion in accordance with this aspect of the present invention, the compounds provided may be administered o 
ndfviduals Adr^inistration is preferably in a "therapeutically effective amount", this being sufficient to show benef. o 
a patient. Such benefit may be at least amciioration of at least one symptom. The actual -^-"\«^'^';'tT''rof 
rate and time-course of administration, will depend on the nature and severity of what '^^-"9 '"--^^f^f^^f;^^^^ °* 
treatment e g decisions on dosage, is within the responsibility of general practitioners and other medical doctors 
[0038] ' A compound may be administered alone or in combination with other treatments, either simultaneously or 
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sequentially dependent upon the condition to be treated. 

[0039] Pharmaceutical compositions according to the present Invention, and for use in accordance with the present 
invention, may comprise, m addition to the active ingredient i.e. a compound of formula la, lb, U, Ml or IV, a pharma- 
ceutically acceptable excjpient. carrier, buffer, stabiliser or other materials well known to those skilled m the art. Such 
materials should be non-toxic and shoutd not interfere with the efficacy of the active ingredient. The precise nature of 
the carrier or other material will depend onthe route of administration, which may be oral, or by injection, eg cutaneoLis, 

subcutaneous, or intravenous. ■ . . a ui * 

[0040] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet 
may comprise a solid carrier or an adjuvant. Liquid pharmaceutical compositions genera[ly comprise a liquid earner 
such as water petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose 
or other saccharide solution or glycols such as elhyiene glycol, propylene glycol or polyethylene glycol may be included. 
A capsule may connprise a solid carrier such a gelatin. 

[0041] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient 
will be in ihe form of a parenterally acceptabSe aqueous solution which is pyrogen^ree and has suitable pH, isotonicity 
and stabtlily Those of relevant skill in the art are well able to prepare smtable solutions using, tor example, isotonic 
vehicles such as Sodium Chloride Injection. Ringers Injection, Lactated Ringer's Injection. Preservatives, stabilfsers, 
buffers antioxidants and/or other addilives may be included, as required. 

[0042] A sixth aspect of the present invention is a pharmaceutical composition containing a compound of any one 
Q\ formulae la, tb. II, 111, or IV as described above, and a pharrnaceutically acceptable carrier or diluent. The preparation 
of phamiaceuVfcat compositions is described in relation to the fifth aspect of the Invention above^ 
[0043] A seventh aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, 
in or IV as described above to prepare a medicament for the treatment of a gene-based disease, preferably a prolif- 
erative disease. The compound of formula ta, lb, II, IM, or !V may be provided together with a pharrnaceutically accept- 
able carrier or diluent. The compounds may be used for the selective killing of oxic and hypoxic tumour cells in methods 
for the treatment of cancers, for example leukemms and particularly solid cancers including colon, CNS, renaU and 
lung tumours, includmg small cell lung carcinoma, and melanomas. In particular, dimers of formula 11 may be used for 
the selective killing of lung, colon, and CNS tumours and melanomas. The compounds of fomiula 111 and IV may be 
used seleclively against melanomas. 

[0044] A further aspect of the present invention provides the use of a compound of any one of formulae la, lb, II, lit, 
or IV as described above to prepare a medicament for the treatment of a viral, parasitic or bacterial infection. The 

preparation of a medicament is described in relation to the fifth aspect of the invention above. 

[0045] In further aspects, the invention provides processes for preparing compounds according to the first, second, 
third and fourth aspects of the present invention. 

[0046] Aspects otthe invention will now be further described with reference to the accompanymg drawings m which: 

Figures 1 to 6a/b are synthesis routes for compounds of formula la of the present invention; 
Figures 7 to 1 4 are synthesis routes for compounds of fonnuia 11 of the present invention; 
Figures 15 to 25 are synthesis routes for compounds of fomnula III of the present invention; 
Figure 26 is a synthesis route for a compound of formula IV; 

Figure 27 is a synthesis of an intermediate in the preparation of compounds of fomnula IV of the present invention; 

Figure 28 is a synthesis routes for compounds of formula IV of the present invention; and 
Figures 29 to 32 are graphs illustrating the cytotoxicity results of examples 5 to 8 respectively 
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Preferred General Synthetic Strategies 

[0047] A key step In a preferred route to compounds of formula la, lb, H, III or IV is a cyclisation to pmduce the B- 
ring. involving generation of an aldehyde (or functional equivalent thereof) at what will be the 11 -position, and attack 
thereon by the Pro-NI 0-nitrogen; 
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r00481 In this structure, no C-ring substrtution or unsaturalion is shown, Rg represents 0{CH^)„CH^COH's in com- 
pounds of formula IV. R,o is a nitrogen protecting group, preferably with a carbamate functionality bonded o the n|trogen 
onhe PBD. The "masked aldehyde" -CPQ may be an acetal orthioacetal (possibly cyclic), In which case the cychsahon 
Involves unmasking. Alternatively, the masked aldehyde may be an aldehyde precursor, such as alcohol -CHOH, m 
which case the reaction involves oxidation, e.g. by means of TRAP or DMSO (Swem oxidation). 
10049] ■ The masked aldehyde compound can be produced by condensing a corresponding 2-subst,luted pyrrolidine 
with a 2-nitrobenzoic acid: 



10 



15 



OH +HN^ 



R. O 




[0050] The nilro group can Ihen be reduced lo • NH^ and pro^ecled by reaclion with a suitable reagent, e.g, b chlo- 
20 rolormate which provides the removable nitrogen protecting group in the synthesis route. , ^ 

[0051] A process involving the oxidatior. cycl]zation procedure is illustrated in scheme 1 (an alternative type of cy- 
clisation will be described later with reference to scheme 2). 
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[0052] The imine/cart>molamine bond in the PBD (A) can be unprotected by standard methods to yield the desired 
compound, e.g. if R^o is Alloc, then the deproteclion is carried out using paltadium to remove the N1 0 protecting group, 
followed by the elimination of water to give the imine. v„tr^.^r,s 
[0053] Exposure of the alcohol (B) (in which the Pro-N1 0-nitrogen is generally protected as carbamate) to tstrapro- 
pylammonium perruthenat. (TPAP)/N-me,hylmorpholine N-oxide (NMO) over A4 sieves results in oxidation accompa- 
nied by spontaneous B-ring closure to afford the desired product The TPAP/NMO oxidation procedure .s ound to be 
pSarfy convenient for Lai. scale reactions while the use of DMSO-based oxidation methods, particularly Swem 

oxidation, proves superior for larger scale work (e.g. > 1 g). ^ formula n 

[0054] The uncyclized alcohol (B) may be prepared by the reaction of a nitrogen protection reagent of formula D. 
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which is preferably a chlomformate or acid chloride, to a solution of the amino a)cohol C, generally in solution, generally 
in the presence of a base such as pyridine (preferably 2 equivalents) at a moderate temperature (e.g. at 0°C). Under 
VnQfie conditions little or no O-acylation is usually observed. 

[0055] The key amino alcohol C may be prepared by reduction of the corresponding nitro compound by choosing 
a method which will leave the rest of the molecule intact. Treatment of E with tin (II) chloride in a suitable solvent, e.g. 
refluxing methanol, generally affords, after the removal of the tin salts, the desired product in high yietd. 
[0056] ^ Exposure of Etc hydrazine/Raney nickel avoids the productton of tin salts and may result m a higher yield of 
C. although this method is less compatible with the range of possible C and A-hng substituents. For instance, if there 
is C-ring unsaturation (either in the ring itself, or in or R3). this technique may be unsuitable. 
[0057] The nitro compound of formula E may be prepared by coupling the appropriate o-nitrobenzoyl chior^de to a 
compound of formula F, e.g. In the presence of K^CO^ at -25^C under a atmosphere, Compounds of formula F can 
be readily prepared, for example by olefinatton of the ketone derived from L-trans- hydroxy proline. The ketone inter- 
mediate can also be explotted by conversion to the enol trifSate for use In palladium mediated coupling reactions. 
[0058] The o-nitmbenzoyi chloride is symhesised from the o-nitrobenzoic acid (or alky! ester after hydrolysis) of 
formula G, which itself is prepared from the vanillic acid (or alkyi ester) derivative H. Many of these are commercially 
available and some are disclosed in Althuis, TH, and Hess, H.J., J. Medicinal Chem., 20(1). 146-266 (19/7). 



Alternative Cyclisation (Scheme 2) 
20 [0059J 
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[00601 !n scheme 1 , the final or penultimate step was an oxidative cyclisation. An alternative, using ttiioacetal cou- 
pling is shown in scheme 2. Mercury-mediated unmasking causes cyclisation to the protected PBD compound (A) 
f0061] The thioacela! compound may bo prepared as shown m scheme 2: the thioacelel protected C-ring [prepared 
via a literature method; Langlcy, D.R. & Thurston, D.E,, J. Organic Chemistry. 52, 91-97 (1987)} ,s coupled to the o- 
nitrobenzoic acid (oralkyi ester after hydrolysis) (G) using a literature procedure. The resulting nitro compound cannot 
be reduced by hydrogenation , because of the thioacetal group, so the tin(ll) chloride method is used to afford the amine, 
This is then N-protected, e.g., by reaction with a chioroformate or acid chloride, such as 2 2,2-trlchloroethylchlorofor- 

[0062] Acetai-containing C-rings can be ui;ed as an alternative in this type of route with deprolection involving other 
methods, including the use of acidic conditions. 
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Dnner Synthesis (Scheme 3) 
[0063] 
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[00641 PBD dimers may bo synthesized using the strategy ^^^^^^^^^J'^^'l^l^^^^^ 

?oUr .Ts^uraci'^tay^bToral^d^ 70% n.ric acid) the ^is(carbo.y,ic acid). This 

^ethoar Airnalvely, the relevant benzoic acid esters can be joined together by a Mitsunobo ether.„cat,on w,th an 
appropriate aikanediol, tollowed by nitration, and then hydrolysis (not illustrated)- . . , ^ „ ^.v, potassium 
10066^ An alternative synthesis of the bis(nitro acid) involves oxidation of the b,s(nitro ^'^J^^fJ' ^^^^^'^^^^^^^^^^^^ 
pelir^ganate. This can be obtained in turn by direct nitration of the ^-^^'^^^^f ' -f^J^^;" ^ ^iSydTw h he 
b,s(aldehyde) can be obtained via Ihe Milsunobu Glherificalion ol two equ^alenls of Ihe benzoic ald.hydc wUh 

[o'o';;r't :l«synthesisapproech to .ho3^ 

which wilt form the A-ring, before joining the component which will form the C-nng. 



Preferred Synthetic Strategies for Compoun ds of formula la 



r0068] The synthesis route of schsmo 1 is generally applicable to compounds of formula la. . _„ 

SSS C2/C3 endo-unsaturated PBDs of formula la may b. synthcsised from tho.r N10-carban^aWec ed pre 
cursors Typically, palladium catalysed removal of an allyl carbamate may be used to generate ^JP^^^'^ 
wlout afSting the key C2-unsaturation. For example, the N10-C11 imine/carbmolamme ,s protec.od by an Alloc 
group, the C2/C3-endo-unsaturallon is maintained during the Alloc cleavage reaction. 
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roO701 The reduction of the nrtro-compound E as shown in scheme 1 with tin (1!) chlorido in relluxing m*.thanol leaves 

o-nitrobenzoyl cloride, can be treated w^th AcOH.THF.H2O }. i t^^r wn^. 
matron due to the rapid degradation of reaction products. 

SoTsS A dais of requisite C-ring providing compounds F can be obtained as shown m scher^e 4, 
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[00741 Commercially available ,«,n>^4-hyd,o«,-L-p,ol,neF8o»n be N-all«prole=,,d 10^^^^^^^^ 

cleavage of the N-allac protecting group (Dangles O,; Guibe. F.; Balavome. G, Lav.elle. S., Merquet. A., J. Org. Ct^em. 
40 1987, 52, 4984) yields the compound F(la). 

Alternative route to compounds of formula la 

[0076] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger scale 
45 production of the C2/C3-endo-unsaturated PBDs, and is shown in scheme 5. 
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r00771 The sUvl protecting group may be cleaved in good y^eld by treatmg B1(la) with AcOH:THF.H,0 (^^^^p 

nt The carbamate protected aniline B3 may be prepared from the nitro compound B5 in two steps. Firstly, the n iro 
ZT-.^Z^^Zc^TL an,.ine by enjoying the Raney r^ickei/hydrazin. method because a co-poun oMy^^^^ 
BB^acks ^2 unsaturation This method is more advantageous than the tin (11) chloride procedure since the product ,s 
!!s erSiSato fhrani,lneB4maylher,beN.^ 

tZir^nlZe Of type B5 may be synthe.ised by couplmg an acid ch.onde of type G to the key amine KEC5 
(Scheme 6). 
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Scheme 6 

20 

Overan, this route has several advantages over the previous route ^.hich results ir, the '^^f ^ 
rp?3 endo. unsaturated PBDs. Firstly, catalytic hydrogenation of KEC4 allows large scale preparation of key mter 
^od^L KEC5 Sc^^^^^^^ more Ifficicr^t nitre reduction step rr,ay be carried out on a. intcrrT.cd,ate devoid of 

of the key amino intermediate KEC5. I he i ttujvi:^ euR,t ivtw** wr. k ^,^^u^t wpri xm^^ ftrhip\/f^d 

30 spending Alloc protected intermediate F4 (Scheme 4). Selective silylation of the primary ^f' °' '^^^.^^^^^^^ 

sponamg p f„„_f„. a^ent The diol KEC3 was oblalncd from hydride reduction of ester KEC2 which in turn 

. Too^i r.^rC;Z= ™yVoVi.. protection d„rt„g ,h. .ynt.os. ,o„,.s ao, ou, .bov. a,co.„. can 

protected by using an acetate protecting group (see example 1(d)) 
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Further afternattve route to compo und of formula ia 
[0081] 
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altyl group or contains a double bond which is conjugated to that in the C ring. Howover 

ot the SEM protecting group accompanied by imine formation. 
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r0084] The SEM protected dilact<,ms (O) were prepared by Suzuki and Stills coupling reactions on the '^"^ ^'^^^^ 
ntermodi^ (P) The Su.uki reaction is particuiBrly usef.l as it can be used to install both ai^l and vmyl subsWuents 
at thTS DO JiSn of the PBD In excess of 70 boronic acids are commercially available allowing great diversrty to be 
fntroduced nt the PBD system. Heck reactions can also be performed sr^ooth^ on the enol trif late intermedia e. 
5 \T6^ jTsmtm (P) was prepared frorr. the ketone precursor (O) using Iriflic an hydride in DCM m the presence 
SinI The k o^^^^^^^^ prepared from the secondary alcohol precursor (N) by Swem oxidation. Other oxidation 
I7h ds nvo'ving TRAP or the Des's Martin reagent provide the ketone in equally Vie^^ 

was obtained by selective removal of a TBDMS group of compound M m Ihe presence of the NJ 0 protec^ng 
qroup The SEM qroup was installed by quenching the N10 dilaclam anion (from L) with S^"^"^^,;,'^^ 9~ 
10 method and can L used to install related protoctmg groups such as MOM. In order to prevent the C2 ^n^d^oxy o 
^o^pound K intertering with the 0 protection step i, was protected as a TBD^.S ether l'^^^^^^^^^^^ ^^^^^ 
was formed by hydrogenating the A- ring nitro group of con^pound J coupling to the C-rmg "^^^^V' ^^^^^^^^ 
ring nitro C-ring ester compound (J) was prepared by coupling commercially available ac.d (G) to methyl 4 hydroxy 

15 loo8^^\he alternative synthesis routes are equally applicable to the synthesis of dimers. 

Pr eferred Synthesis Strategies for Compou nds of formula II 

r00871 The svnlhesis route of scheme 1 is generally applicable to compounds of formula 
20 ™ S unsaturated PBDs of formula II maybe synthesised from their N10-carbamate protected precursors. Typ- 
S ialSirSalysed removal of an ally, carban^ale may be used to 

the key C2-unsaturation. Alternatively, cadmium-iead couple may be employed to cleave an N10 2,2,2 trichloroetnyi 

SoVV'^r^dltirof^^^^^ H as shown in scheme 1 with tin (I.) chlondo r^aintains the C.-unsatu- 

r:.Hr^n '^ithounh isolatina th© aniline C from tho tin salts caH bG problematic. 

[oSo] Thofompound Of fom^ula F may be used in Its TBDMS prolected form, and therefore a deprotect.on step has 

tr, hcii inrlurlt^d to Droduce the ammo-alcohol compound E, 

0091 T^^^^^^ of type E. which is the product of the coupling of the TBDMS protocmd compo.md w.h 1^^^^^ 

approp^ chlorL, can be treated with AcOH:THF:H,0 (3:1:1). TBAF was found to be unsuitable for 

30 this transformation due to the rapid degradation of reaction products. 

[0092] G-rlng providing compounds F(!l) can be obtained as shown in scheme 8. 



35 



40 



45 



50 



55 



16 



HNSDOc::iD: <EP. 



.1193i;^70Arf,J.> 



EP 1 193 270 A2 



HN 




Moc— N' 



O 



OH 




Alloc— N 



O 



OH 




F8 



F7 



10 



15 



OH 



OTBDMS 



OH 



F6 
OTBDMS 



Alloc— N 




A floe— N 



V 



OH 




Alloc— N 



2Q 



F5 
OTBDMS 



OH 



F4 
OTBDMS 




O 



F3 



Alloc- N 




HN 




25 



30 



F2 



F(ll) 



Scheme 8 



35 



[0093] Commercialiy avaiiable rrans 4-hydroxy.L-proline F8 can be N-a oc ^^fi^/^^^'^^^^^^^^^^ 
which can men be esterified using standard condifons. Hydride reduction of the ^^^^^^ ^Tsw^^^^^^ 
TBDMS protection of the diol gives a silyl ether F4, whichcan then be oxidised, using either Swem or TRAP oxidation. 

toS^TVL^^^^^^^ prosent in F2 may be introduced by pertorn^ing ^'^^^^^^^^^ 

Palladium-mediated cleavage of the N-alloc prelecting group (Dangles O.; Guibe, R; BalBvme, G. Lavielle, Mar 
quet, A.; J. Org. Chem. 1987, 52, 4984) yields compound F(ll). 
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the key amino-alcohol C. 
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Alternative Route to compounds of formula II 
[0097J 
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Scheme 10 



r0098] A more linear synthetic route to compound B of scheme 1 has been developed which enables larger sca^o 
55 production of the C2^un saturated PBDs. and rs show^. in scheme 10. TBAF-mediated cleavage of the TBDMS group 
may be used to produce B{ll) from B1(il). The key C2-unsaturalion present in B1 (II) may be introduced by pertom^ing 
the Wiltig olefination reaction on a ketone of type B2. Swem oxidation of the secondary alcohol 83 may be used to 
furnish the ketone B2. The cattamate prolectGd aniline B3 may be prepared from the nitro compound 85 in two steps. 
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s*«mo 6) overall. IhB route l,«s several Mvantajes '° ts^ate " '^^^^^^ of lr,°orn,edia,e 

olthe C2-ur>saturaled PBDs, FirMly.catalylic hydrogenalion 0( <^^<^ f'^'ZfflMZ cl^<<sa<MM Finally, Ihe 
KEC5. secondly, ,h. ni.ro roduc.ion slep r^a, ""'""'-J ™*:'"^^^^^^^^ are .o.ara.ed. 

r^l^^n^S'StS ZeSSren-eS, do n„, a„eor.. .ey C.„n.a.- 

ration, 

15 General Expenmental Methods 

t0101] ^e.ng po,nts (mp) wore determine, on a G.Hen.arnp ^^^4 Jj^-^-j;;^^^^^^ 

\ecJ. infrared (,R) spectra wore recorded using a ^f'^-^^^^'^^.^^^^^^^ ^hifla are reported 

were reco.d.d or, a Jeol GSX 270 MHZ ^-7^!;P- L^J^^^^^ as: s (singlet), b. (broad 

.0 in pa.s per million (6, ^-•^'-''^^-^ ^^^^^^^ f; ^^^^^^^^^^^ m (n^ultiplel). Mass spectra (MS) 

singlet), d (doublet), dd (doublet of doublets), 1 (tnplet), q (quartet) p ^^^"'P j \ 117-147<'C). Accurate mo- 
wero recorded using a Jeol JMS-DX 303 GC Mass f ^'^"^^^^^ ,^"„;terose^^^^^^^^ intemil mass marker, 

mfitrix with a source 

d ..... r rrro;~~Ua.o.o . 

perforr^ed using Aldrich flash chromatography "Silica Gel-60 (E- M^^W 23° "^^ ^ 

(TLC) was performed using GF,,, silica gel (wfth fluorescent -^^ca^O - 9^^^ P^^^J^/^^^^^ J|,hout 
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the fraction boiling at 40-60''C. 
E xampl es 

Ex ample 1(a): Synthesis of the 2-Cvanomethvl PB D_U0,SB:M7)Jsee 
[0102] 

BnO. 




MeO 
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Synthesis of the N)tro Alcohol (3) 

[0103] A so.ut.on of the acid 1 (3.03 g, 1 0 mmoi, 1 equiv) in freshly ^^^^^^^^^^f^^f^^^^^ 

chloriie (1 .05 mL, 1 2 mmol 1 .2 equiv) under a nitrogen ^^^^ solution was 

solution offcrvcscod The reaction was allowed to st,r ovornight =*^RT. T^e folk^wing d.y the 

added dropwrs. over . hours Jo ^^l;^;;:^^:^^^:::^:^ IZ 0=0, under t nitrogen at 
mmol, 2.5 equiv) ,n freshly distrhod GH^Cl^ 30 '^L) wt^J^lf^e to p ^,^,,, ^1 The solution was washed with 
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385 (9.2), 286 (19.3). 92 (9.3). 91 (100.0). 75 (U O), 73 (42.2), 
Reduction to the Amino Alcohol (4) 

[0104] A solution of hydrazine (3.11 mL, 100 mmol, 5 equiv) in MeOH (50 mL) was f^^^^J:7^7f3^^ 
solution of the nitro compound 3 (10.32 g, 20 mmol. 1 equiv), .ntibumping granules and "^^"^V ^ /^.S g) in MeOH 
n^O mLr After 1 hour at reflux TLC (SiO„ 5% MeOH-CHCl3) revealed total consumption °< ^^^'"9 "^f f "J^^^J^ 
mfx?u" waf then reated with sufticient Ranoy Ni to decompose any unreacted hydrazine. An^r coo^g o RT the 
. was mtered through Ce.«e and the filtrate evaporated ,n ^^^^^^^J'^^^^^^^^^ 

(300 mL) dried (MgSO,). filtered and evaporated in vacuoto provide 4 (6.80 g 14 mmol. ^0/°) ^^^^ 
aldt ro'ghL'onttstagovvithoutpuriricatlon: 1HN 

n.^^-c^)^ssi^7^-ir^^^ 

1118.48, 1003.88, 911.00, 836.61 , 778.15, 733.59, 697.72, 646 32. 
Synthesis of the Alloc Pro-N10- Protected C2-Alcohol (5) 
' [0105] A^olutloncf anylchloroformate(1.54mL, 14.48mmc,, 1 -^-^) ^^'-^^'V « ^^^^^^^ 

'^:£::^^<SZ ^0»C nit'o;e:aT^o.phere.^^ ' mixture wa.. a.ov^ed to warm at 

,0 was washed with saturated CuSO, (1 00 mL), H,0 (1 00 mL), brine (100 r^L), dned (f^gSO,), ^^^^^^/^J^^/™ 
r, vacuo to give a dark yo)low oil Flash chmmatography (SiO„ 30% EtOAc-petroleum ether) f°'^l^'^^^^'^.^^^^^ 
ompound 5 (6.70 g. 11 75 r^mol. 85.2%) as a yellow oil: NMR (CDC, 270 MH.) rotamer . 5 0.03 -d 0 , 

513 (27.21 340 (19.3), 149 (24.3), 91 (24.1), 77 (16.4), 58 (33.0), 57 (100.0). 44 (27.2). 39 (39.8). 
^0 [af^o^- -55.94° (c - 1 .01 0, CHCy. 

Oxidation to the C2-Ketone (6) 

I0106J A .olution Of DMSO (2.50 mL, 35.25 mmoi, 3 equiv) in '-h,y distilled CH,C.,(^^ 



45 



50 



55 



over 1 .5 hours to a stirred solution of oxalyl chloride (8.81 mL ot a 2M solution m ^^■J/ J^^";^';^,;^^^^^^ 
.55/-eo=C (liquid nltrogen/CHC>3) under a nitrogen ^^r:.^^^^:;:^^^ .^e ^eS:: mature 

Z ^9 90 mmoT o's aquiv) in C, 1,CI, (50 mL) over a period of 40min.to. The ^^^'^ ^mL) lo^d 

Sminutes at -30<.C and was then allowed to warm to RT. The reaction was then ll^Jl^^^'^ ^^''^^^^^^^^ 
to O'C and acidified to pH=2 with concentrated HCt. The organic phase was washed with H^O '^^^ ' J^;'";^^^^, 
dr cd (MaSO } filtered and evaporated in vacuo to give the ketone 6 as a dark orange oil (6.18 g, 0.88 rr^mo 
mL), dried (MgSO^), '"^^'^^ ^''^ ^ EtOAc-Detroleum ether) to be carried through to the next stage withoiit 
93%), sufficiently pure by TLC (SiOg, 40 /» ttUAC peiroieum tin , n R7 fs SiC(CH,)o), 

Alloc) 6 88-6 03 (n,. IH. A»0=), 6 76 (». 1H, 6-H), 7.27-7.49 (m, 5H, Ph^ 7M^^.^ ",,^'"1,1^ %V,"bT32 4 
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15 



20 



1120 1029. 844. 785 700: ElMS m/^ (relative intensity) 568 90.6). 512 (28.7). 511 (79.8). 453 (12.1), 340 (38.6), 
298 (12.7), 282 (16.9), 172 (23.9), 91 (100.0), 41 (15.1); [afV (C= 1.010, CHCI3). 

Insertion of the C2-Cyanomethyl Group (7) 

r0107l sodium hydride (0.70 q of a 60% dispersion inminutcseral oil, 1 7.60 rtimol, 2.5 equiv) was stirred in Petroleurn 
ether for 1 0minutes. The suspension was allowed to settle and the solvent transferred und.r "it;°9^n J'^^^ 
via a double-tipped r,oedlG. The remaining residue was suspended in freshly dist.lied «'^hydrous THF (50 mL)^cooled 
10 0"C and treated dropwise with a solution of the diethyl cyanomethylphosphonate (11 14 mL, ^^^^'''J^f 
inTHF (60 mL) under a nitrogen atmosphere. The mixture was allowed to warm to RT and stir for 1 .5 h After coot ng 
to 0"C the reaction mixture was treated dropwise with a solution of the ketone 6(11.14 mL, 79.90 mmol, 6,8 equiv) ,n 
THF (40 mL), After stirring overnight TLC (SiO^, 30% EtOAc-petroleum ether) revealed almostcomp le e ^on^^^^-P^'^" 
of starting material. THF was evaporated in vacuo^nd the resulting residue treated with ^ '^'^'''''''^^''1"^^^^^ 
1 1 00 mL) and EtOAc {1 00 mL}. The aqueous layer was washed with EtOAc (1 00 mL) and the combmed organ.a layers 
were then washed with H.O (100 mL). brine (1 00 mL), dried (MgS04), filtered and evaporated tn vacuo to g,ve a brown 
glass Which was subjected to flash chromatography (S,0„ 30% EtOAc-petroleum ether) to provide Pure cyano 
compound 7 (2.6 g. 4.40 mmoL 63%) as a yellow glass: ^ NMR (CDCI3. 270 MHz : ^> 0X53-0,09 (m^ 6H, SKCH3), , 
0 88 (m 9H SIC(CH3)3). 2.68-2.91 (m, 2H. 1 -H), 3.12-3.13 (m, 2H, 12-H), 3.72-3.76 (m, 2H, 11-H), 3.82 (s, 3H, OMe , 
4 .2-4.65 (m, 2H, aS, 4 75 (m, 1H, 11a-H). 5.19 (s, 2H, OBn), 5.22-5.39 (m 2H, ^^'^^^^^^f.' fj^^^^^ 
6.59 (s. 1H, 3-H), 6.68 (s, 1H. 6-H), 7.32-7.50 (m, 5H, Ph), 7.95 (s, 1H, 9-H), 8.72 ^-■ '''''''^•'"''^'^^^^ 
MHZ) 5 -5 4, 17.5, 18.1, 25.6-25.7, 34.0, 56.6, 59.8^ 62.3, 65.8, 70.7, 106.1, ^'J^^^J^l^^f^^l^^^' 
132 4 132 8 136 1 144.2, 150,9, 153.4, 166.1; IR (neat): 3337, 3067, 3034. 2954, 2930, 2857, 2253, 1732, 1622, 
99 1524 i IS 1464 1408. 1362, 1336, 1259, 1205, 1166, 1116, 1051, 1026, 992. 914, 839, 778, 735^6^8^647; 
HMS IS (relativo intensity) 591 (M^ , 20.1), 534 (15,0), 340 (67.5), 282 (20.9). 252 (25,6), 195 (32.4), 91 (100.0); 
25 HRMS m/zCalcdfor 691 2765 (C32H4,N306Si). Found 591 .2768: [apV -83-25" (c =- 1.015, CHCI3). 

Deprotected Alcohol (8) 

[01 08] Glacal AcOH (1 5 mL) was add^d to a stirred solution of the silyl elher 7 (2.1 0 g. ^ ^^^7;°')''^ mg 
and H,0 (1 5 mL) The reaction mixture was allowed to stir at RT and monitored every hour by TLC (SiO^. 30 /o EtOAc^ 
petrolLri ether), Over the course of 3 hours AcOH (1 0 mL) was added in two further portions, T^-^^^^^^-^^^^f^''^^^ 
for a total of 4 hours at whict. time the reaction had gone to completion. The mixture was ° "^J^^^^^^^ 

dropwise with a 1 0% solution of NaHCOg in H2O (50 mL). The aqueous solution was extracted with EtOAc (3x20 nnL) 
and'tho omb,ned organic layers were wished w.th H,0 (20 mL), brine (20 mL), dried (MgSO,), ^''^-f -^^^^J 

vacuo to give a yellow oil. Flash chromatography (S,0„ 5% MoOH-CHCy afforded » 
mmol 83%) as ayellow glass: NMR (CDCI3. 270 MHz): 8 2.41 -3.02 (m, 2H, 1-H), 3.13 (s. 2H, 12-H> 3 (m, 
6H. 11-H. OMo, OH), 4'61-4 54 (m, 2H, Alloc), 4.76 (m. 1H, lla-H), 5.16 ^^^^H f Bn)^ ^^^H o ^ b 4^^^ (s H 
5,87-6.02 (m, 1H, Alloc), 6.53 (s, 1H. 3-H), 6.78 (s, 1H, B-H), 7.27-7.48 (m, 5H, P^)^ f ^'^^^^ .'^"^.^ ^I'l' 
NH):13C NMR (CDCI3, 270 MHz): 8 17.4, 34.8, 56 8, 61.5, 65,1, 65 9, 70.8, !f '^^^ 
1?7 7 129 1 132 1 132 4 136 0 144 8, 151,1, 153,7, 167.3; IR (neat): 3340, 3067, 2934, 2856, 2252, 1732, 1601 
Jsi l 's's 1407 1374 1336, 1226, 1167, 1111, 1048, 1028, 996, 938, 869, 833, 768, 745, 698, 668^636, 608; ElMS 
m/^ (relative intensity) 477 (M-, 14 6), 340 (46,9), 2B2 (13.0), 91 (1 00.0); HRMS m/zCa\cd for 477,1900 [C^e^^^f^^Oe- 
Found 477.1962; [u\^^c== 57.42° (c - 1 .068, CHCI3). 

45 NIO-Protected Cyclized PBD (9) 

[0109] A solution of DMSO (0.75 mL, 1 0.55 mmol, 3.6 equiv) in Ireshly distilled CH^Cl^ (40 mL) was added dropwise 
at a rapid rate to a stirred solution of oxalyl chloride (2 .64 mL of a 2M solution in CH^CI,, 5.27 mmoL 1 .8 ^^-;-)^'^^^^-^ 
50-C (liquid nitrogen/chlorobenzeno) under a nitrogen atmosphere. After Sminutes stirnng at -45 C,a solution ot me 

5. primaly alcohol 8 (1 .40 g, 2,93 mmol. 1 equiv) in CH.Cl, (30 mL) was added dropwise to the reaction -xture over 
45minutes. Following stirring at -4S=C for 45minutes the reaction was treated dropw.se w,th a ^"'^.^^'^^ //J^^ j^. 
mL 12,31 mmol. 4,2 equiv) in CH.CL, (20 mL) over a period of 30minutos. The m.xturo was stirred for a further 
40minutes at -45=C and was then allowed to warm to RT and diluted with 20 mL CH CI The reaction ^^^^^-^^^^^f 
to 0"C and washed with IN HCI (200 mL), H^O (100 mL). brine (100 mL). dried (MgSO,), f.ltorod and evaporated /n 

3. luo to give a yellow foam which was subjected to flash chromatography (S,0, 5% MeOH-CHCy to provide he 
pure ring dosed compound 9 (0.95 g, 2,00 mmol, 68%) as a slightly yellow glass NMR (CDa^^ 270 MH.y 5 
9 6Q-T 14 (m 2H 1-H), 3 24 (s, ?H, 12-H), 3.84-3 98 (m. 6H, 11-H, OMe, OH), 4.46 (m, 2H, A"oc) 5.07-5 1 8 (m^4^^ 
OBn Alloc) 5 60-5.80 (m, 2H Alloc, 1 1 a-H), 6.74 (s, 1 H, 3-H), 7.04 (s, 1 H. 6-H), 7.24-7.43 (m, 6H, Ph, 9-H) ; NMR 



30 



35 



40 



22 



BNSDOCID: <FP. 



.ji5>;?a70A2,.i..> 



EP 1 193 270 A2 



10 



25 



30 



tCDC\ J70MH7V517 5 36 5 56 2, 59.6, 66.9, 71.1 , 85.7. 111 .0,113.2, 1U.7, 116.1 , 118.3, 124.6, 127.3-128^7, 131.7, 
36^149 2 150 6 163 6- IR(neat): 3396, 3089.2938.2615, 2251, 1707, 1602, 1513, 1432, 1308, 1219. ^3. 1045 
8 869. 4. 735:;98: 648;E,mL ./.(relative intensity) 475 (Mn 34.2). 340 (254), 339 (35^0), ^79 (10^3X m 
(10.6). 91 (100.0); HRMS m/zCalcd for 475.1 743 (CaeH^sNaOs), Found 475.1 883; [aFo= HOI .46 (c = 1 .030, CHCI3), 

C2-Cyanomethyl PBD (10, SB-A67) 

[011 0] Triphenylphosphine (25 mg, 0.095 mmol, 0.05 eq.iv), pyrrolidine (1 67 [d, 2 0 mmol, 1 .05 ^^^'^^ '^^'^ Mj^PPJ^^^^ 
56 mg 0 048 mmol, 0.025 equiv) were added sequentially to a stirred solution of the Alloc-connpound 9 (900 mg, 1 .90 

equiv) in freshly distiLd dry CH.CI, (1 00 mL). The reaction mixture was ^"^^^ ^^-^^-^IJ^^ 
atmosphere for 2 hours by which time TLC (SiO„ 1 % MeOH-CHCy revealed roac,,on cornpletm. I"*^™ 
evaporated in vacuo and the residue applied to a gravity chromatography column (SiO^, 1 % MeOH-CHC 3) to isolate 
The PBD SB.A67 (720 mg, 1 .93 mmol, 1 00%) as a yellow glass; 1H NMR (^DCl3^270 MHz): 3^06-3^40 (m^ 4H, 1 -H, 
12-H) 3 95(s 3H OMe). 4.38 (m. 1 H, 11a-H), 5.21 (s, 2H, OBn), 6.84 (s. 1H. 6-H). 7.06 (s, 1H 3^H) 7^27-7.70 (m, 
6H ph 9 H) 7 80 (d 1H 11a-H. J = 3 Hz); NMR (CDCI3, 270 MHz): 8 17.4, 36.8, 53.9, 56.3, 70.9, 111,7, 111^9 
?^^2.8.116oNl8.7!l20.7,127.1-12B.7,lL.O^ 

1604. 1508, 1437, 1247, 1120, 1000. 913. 874, 724. 697, 542; EIMS "^^^ (^^'^^f^^f-^y %^ ^^1^^ fj fo^^' 
280 (12.5), 91 (100.0); HRMS m/^ Calcd for 373.1426 (C22H19N3O3). Found 373.1364; [app 254.5 (c - 1 .045, 

CHCI3). 

Example 1(b): Synthesis of the 2-WlethOXVcarbonvlmethv> PBD (24, SJ<3-2 45)(see namU 
[0111] 



BnO 



MeO 




35 (2S,4R)-W-(Allyloxycarbonyl)-4-hydroKypyrrolidine-2-carboxylic acid (12) 

[0112] A solution of allyl chlorofom^ate (29.2 mL, 33.2 g, 275 mmol) in THF (30 ml) was ^^^^'^7^!;;'^ □ 
pension of ,.ans-4-hydroxy-L.prolir,e (11) (30 g, 229 mmol) in a mixture ^^^^ /^^f ^L) B"d H^^^^^^ 
(ice/acetone), whilst maintaining the pH al9 with 4 N NaOH. After stirring at 0"C for 1 ^^^^^ P^;;"l^^!^j^^°'J,^^^^^^ 

40 was saturated with NaCl, and the mixture diluted with ElOAc (1 00 mL). The aqueous layer was f P'*;^'^^; ^'^^^^^ 
w^h EtOAc (1 00 mL) and the pH adjusted to 2 with cone. HCI, The resulting milky emulsion was extracted wtth ElOAc 
X 1 0 mL wa^hid with bnne (200 mL), dried (MgSO,). filtered and evaporated in vacuo to Qive the a„y, carbamate 
2 as a Clear viscous o„ (42.6 g, 87%); l«J-o = -62.1 ' (c = 0 69, MoOH); NMR (270 MH. ^0^3 .^^^;^) 
(Rotamers) 8 5.98-5.81 (m. 1H, NCO.CH.C^^.CH^), 5.40-5.14 (m, ^CO.C^^CH.^^^^^^ (m, 4H. 

as NCOXH.CH=CH2, NCH.CrtOHCH, and C«:0,H), 3.82-3.51 <'^^2H, NCH.CHOHChy 2.34^^ 

MrnVHOHCH V 13C NMR (67 8 MHz CDCI, DMSO) (Rotamers) 5 175.0 and 174.5 (COgH), 155.1 and 154^b 
;'.i§)"?3l^^;id l'3;^3TNCO,CH,a;.CH,)^ 11Z,6 and 116 7 (^^f H.CH CH,, 6.5 and 6S.a (NC^ 
65,9 and f.5.8 (NCO^CH^CH^CH,), 58.0 and 57.7 (CHCO.H), 55.0 and ^4^5 NCH.CHOH) 39 3 ^.d 38^3 
fNCHoCHOHCH,)- MS (El), nvz (relative intensity) 215 (M-, 10) 197(12). 170 (M-CO^H, 100), (24), 130 

.0 SS™. m'l2B (34)Nl2 (50), 108 (58), 86 (11), 68 (86). 56 (19); IB (Neat) 3500-21 00 (b. OH, 2950, 1745 
and 16^7 (br C=0), 1435, 1415, 1346, 1262, 1207. 1174. 1133, 1082,993, 771 cm'^ exact mass calcd for C9H13NO5 
m/B 21 5.0794, obsd m/e 21 5.0791 . 

Methyl (2S,4n)-Af-(Allyloxycarbor»yl)-4-hydroxypyrrolidine-2-carboxylate (13) 

[01 13] A catalytic amount of concentrated H,SO, (4 5 mL) was added to a solution ^"^^-^y^^^^/^f J^/J^^ J^' 
Q 200 rr^mol) in MeOH (300 mL) at 1 0»C (ice) and the reaction mixture was then heated at reflux for 2 h After coohng 
to roor^temperature the reaction mixture was treated with TEA (43 mL) and the MeOH evaporated ,n vacuo. The 
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residue was dissolved in EtOAc (300 mL), washed with brine (200 mL), dried (MgS04), filtered and concentrated in 
vacuo to give a viscous oIL Purification by flash chromatography (40% EtOAc/Petroleum Ether) removed the high Rf 
impurity to provide the pure ester 13 as a transparent yellow oil (19.6 43%): [aJ^^Q - -7'?.0" (c 0.3S. CHCI3): ""H 
NMR (270 MHz, CDCI3) (Rotamers) ^ 5.9B-5.78 (m, 1H, NCOaCHsCH^CH^), 5.35-5.16 (m, 2H. NCO2CH2CH-CH2), 

5 4 65-4.45 (m^ 4H, Nc6"2CH2CH-CH2, NCH2C/OHCH2 and NCHCO^CH^J: 3.75 and 3.72 (s X 2, 3H, OCH^), 3.70-3.54 
(m, 2H, NCH2CHOHCH2).3 13and3,01 (brsx2, IH, OH), 2.39-2 03 (m, 2H, NCH^CHOHCH.); ^^C NMR (67.8 MHz, 
CDCI3) (Rotamers) 5 173,4 and 173.2 (CO2CH3), 155.0 and 154,6 (NC-0), 132.6 and 132.4 (NC02CH2CH=CH2), 
117.6 and 117.3 (NC02CH2CH=CH2). 70.0 and 69.2 (NCH^CHOH), 66.2 (NCO2CH2CH-CH2): 57.9 and 57.7 
(NCHCO2CH3), 55.2 and 54,6 (NCH2CHOH), 52,4 (OCH3), 39 1 and 38.4 (NCH2CHOHCH2); WIS (El), m/z (relative 

10 intensity) 229 (M^-. 7). 1 70 (M-C02Me.. 1O0) .144 (M- C02C3H3^ 12), 126(26), 108 (20), 68 (7), 56 (8): IR (Neat) 3438 
(br. OH). 2S54! 1750 and 1694 (br, C-O), 1435, 1413, 1345, 1278, 1206, 1130, 1086, 994, 771 cm^ \ exact mass calcd 
for CioHij^NO^ m/e 229.0950. obsd m/e 229.0940. 

{2S,4fl>-//-(Allyloxycarbonyl)-4-hydroxy-2-(hydroxyrnethyl) pyrrolidine (14) 

15 

[0114] A soiutbn of the ester 13 (19.5 g, 85 mmol) in THE (326 mL) was cooied to 0"C (Ice/acetone) and treated 
with LIBH4 (2.78 g, 128 mmol) in portions. The reaction mixture was ailowedto warm to room temperature and stirred 
under a nitrogen atmosphere for 2.5 hours a\ which lime TLC (50% EtOAc/Pctroleum Elher) revealed complete con- 
sumption ol ester 13. The mixture was coaled lo O'^C and water (108 ml) was carefully added followed by 2 N HCi (54 
^0 mL). After evaporation of the THE in vacuo, the mixture was neutralised to pH 7 with 10 N NaOH and saturated with 
solid NaCLThe saturated aqueous solution was then extracted with EtOAc (5 X 100 mt), the combined organic layers 
washed with brine (200 mL), dried (MgSO^), filtered and evaporated in vacuo to furnish the pure diol 14 as a clear 
colourless oil (16,97 g, 99%): 

[cx]2^D - -57.0'^ (c= 0 61 , CHCI3); NMR (270 MHz, CDC^s) S 6.01 -5,87 (m, 1 H, NC02CH2CH=CH2). 5.36-5.20 (m, 
^5 2H. NC02CH2CH=C/-/2), 4.84 (br s, IH, NCHCHgOH), 4.60 (d, 2H, J= 5.31 Hz. NC02CW2CH=CH2), 4.39 (br 1H, 

NCHCH2OH), 4,18-4.08 (m, 1H, 3.35, NCH2CHOH), 3.90-3.35 (m. 4H, NCHjCHOH. NCHCHjOH, and OH), 3.04 (br 
IH. OH). 2 11-2,03 (m, 1H, NCH2CHOHCH2). 1 .78-1 69 (m, IH, NCH2CHOHCH2); ^^C NMR (67.8 MHz, CDCI3) 5 

157 1 {NC^O) 132,6 (NCO2CH2 CH-CH2) , 117.7 (NC02CH2CH= CHg). 69.2 (NCHgCHOH), 66.4 and 66,2 

(NCO^CH^CH-CH^ and NCHCH^OH). 59 2 (NCHCH^OH), 55,5 (NCH^CHOH), 37.3 (NCHgCHOH CH^); MS (El)^ m/ 
30 z (relative intensity) 201 (M"^", 2), 170 (M-CH2OH, 100), 144 (M-OCgHs. 6), 126 (26), 108 (20). 68 (9); IR (Neat) 3394 

(br. OH), 2946, 2870. 1679 (C=0), 1413, 1339, 1194, 1126, 1054. 980, 772 cm"''; exact mass catcd for C9H15NO4 nV 

e 201.1001, obsd m/e 201. 1028. 

(2S,4R)-A/-(Allyloxycarbonyl)-2-(ferfrbutyldirnethylsilyloxymethyl)-4-hydroxypyrrolldtne (15) 

35 

[0115] A solution of the diol 14 (16.97 g, 84 mmol) in CH2CI2 (235 mL) was treated with TEA (11.7 mL, 8.5 g, 84 

mmol) and stirred for ISminutes at room temperature, TBDMSCi (9.72 g, 64 mmol) and DBU (16.8 mmoL 2.51 mL, 
2,56 g) were added and the reaction mixture stirred for a further 16 hours under a nitrogen atmosphere. The reaction 
mixture was diluted with EtOAc (500 mL), washed with saturated NH4a (160 mL). brine (160 mL), dried (MgS04), 

40 filtered and evaporated in vacuo to give an oil which was a mixture of the required product (major component), unreacted 
diol and the presumed disilyated compound by TLC (50% EtOAc/Petroleum Ether). Flash chromatography (20-100% 
EtOAc/Petroleum Ether) isolated the 3 components, to provide the monosilylated compound 15 as a slightly yellow 
transparent oil {13.85 52%): [ap^ -58.6 ° (c = 1 .14, CHCy ; ^H NMR (270 MHz, CDCI3) (Rotamers) 6 6.0V5.86 
(m, IH, NC02CH2CH^CH2). 5.34 5.18 (m, 2H, NCO2CH2CH-CH2), 4.59-4.49 (m, 3H, NCO2CH2CH-CH2 and 

^5 NCHCH2OTBDMS), 4.06-3.50 (m. 5H, NCH2CHOH, NCHsCmH and NCHCHgOTBDMS), 2.20-2.01 (m. 2H, 
NCH2CHOHC/-/2), 0 87 (s, 9H, SiC(CH3)3), 0,0 (s. 6H, S\{CH^}^):.^^C NMR (67.8 MHz, CDCI3) (Rotamers) 6 165,0 
(NCr--0), 133.1 (NCO2CH2CH-CH2), 117 6 and 117.1 (NCO2CH2CH-CH2): 7C).3 and 69.7 (NCH2CHOH), 65.9 and 
65,6 (NCO2CH2CH-CH2), 63,9 and 62. 8 (NCHCH2OTBDMS), 57.8 and 57,4 (NCHCHgOTBDMS), 55.7 and 55,2 
(NCH2CH0i-|). 37,3 and 36.6 (NCH2CHOHai2), 25.9 (SiC(CH3)3), 18.2 (SiC(CH3)3), ^5,5 (SKCH3)2); MS (El), m/z 

50 (relative intensity) 316 (M + 1 29), 31 5 (M"^". 4), 300 (M-CH3, 26), 284 (4), 261 (8), 260 (50)^ 259 (100), 258 (M-OC3H5 
or M-'Bu. 100), 218 (13), 215(10), 214 (52). 200 (12), 170 (M CH2OTBDMS, 100), 156 (40)^ 126 (58), 115 (33), 108 
(41), 75 (35): IR (Neat) 3422 (br, OH), 2954.2858, 1682 (C^O), 1467, 1434, 1412 (SiCHs). 1358. 1330, 1255 (SiCH3). 
1196, 1180, 1120, 1054, 995, 919, 837, 776, 669 cn\'^: exact mass calcd for C^j,H2QN04Si m^e 315. 1866, obsd m^e 
315,1946. 

55 
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(2S)-W-(Allyloxycarbonyl)-2-(ferf-butyldimethylsiiy]oxymethyl)-4-oxopyrrolidine (16). 
Method A: 

5 [0116] A solution of DMSO (12.9 mL, 14.3 183 rrimol) in CIH2CI2 (90 mL) was added dropwise to a solution of 

oxalyl chloride (45,1 mL of a 2.0 M solution in CH^CI^, 90.2 mmol) at -eO'C (dry ice/acetone) under a nitrogen atmos- 
phere. After stirring at -70^C for SOminutes, a solution of the alcohol 15 (26.8 g, 81 9 mmol) dissolved in CH^CI^ (215 
mL) was added dropwise at -60°C. After 1 .5 hours at "70"C, the mixture was treated dropwise with TEA (57,2 mL, 41 5 
g, 410 mmol) and allowed to warm to lO^'C. The reaction mixture was treated with brine (150 mL) and acidified to pH 
3 with cone, HCI. The layers were separated and the organic phase washed with brine {200 mL), dried (MgSOJ .filtered 
and concentrated in vacuoXo give an orange oil. Purification by flash chromatography (40% ElOAc/Petroleum Ether) 
furnished the ketone 16 as a paie yellow oil (24.24 g, 95%): 

Method Bt 

15 

[0117] A solution of the alcohol 15 (4.5 g, 14.3 mmol) in CH2Ci2 (67.5 mL) was treated wilh CH3CN (7.5 mL), 4 A 
powdered molecular sieves (3.54 g) and NMO (2.4 20.5 mmol), After 15mtnutes stirring at room temperature, TRAP 
(0.24 g, 0.7 mmol) was added to the reaction mixture and a colour change (green -> black) was observed. The reaction 
mixLu re was allowed to stir for a further 2.5 hours at which lime complete consumption of starling material was observed 

20 by TLC (50% EtOAc/PetroSeum ether 40 60") . The biack mixture was concentrated in vacuo and the pure ketone 16 
was obtained by ffash chromatography (50% EtOAc/Petroieum Ether) as a golden oil (4.1 g, 92%): [a]^^^ ^ f 1.25 " {c 
10.0, CHCI3); NMR (270 MHz, CDCI3) (notamers) 5 6.0-5.90 (m, 1H, NCO2CH2CH-CH2), 5.35-5.22 (m, 2H, 
NCO2CH2CH-CH2): 4.65-4.63 (m, 2H, NCO2CH2CH-CH2), 4.48-4.40 (m, 1H, NC/^H^OTBDMS), 4.14-3,56 (m, 4H, 
NCH^C=0 and NCHCH^OTBDMS), 2.74 2.64 (m, 1H, NCH2C-OCH2), 2.46 (d, J = 18.69 Hz, NCH2C=OCH^), 

25 0.85 (s, 9H,SiC(CH3)3). 0.0 (s, 6H, S\{CH3)2)\ ^^C NMR (67.8 MHz, CDCI3) (Rotamers) ^ 210.1 (C-O), 154.1 (NC-O), 
132.7 (NCO2CH2CH-CH2), 118.0 and 117.7 (NCO2CH2CH-CH2), 66,0 and 65.8 (NC02CH2CH^CH2). 65,0 
(NCHCH2OTBDMS), 55.7 (NCHCH2OTBDMS), 53.6 (NCH2C-O), 40.3 and 40.1 (NCH2C=OCH2), 25.7 (SiC(CH3)3), 
18 1 (SiC(CH3)3) , -5.7 and - 5.8 (51(6^3)2); MS (CI), m/z (relative intensity) 31 4 (M-^^ 1 , 1 00), 256 (M-OC3H5 or M-^Bu, 
65); IR (Neat) 2930, 2358, 1767 (C-O), 1709 (NC-O), 1409 (SiCH3), 1362, 1316. 1259 (SiCH3), 119S, 1169, 1103, 

30 1016, 938, 873, 837, 778, 683 cm"^: exact mass calcd for Ci^H27N04Si m/e3l3.17l0. obsd m/e313.1714. 

(2S}'A^(Allvloxvcartaonyl)-2-(ferf-butyldinriethylsnytoxymethyl)-4-(methoxycarbonytmethyl)-^ 
(17). 

35 [0118] Petroleum ether 40^-60° (100 mL) was added to a sample of NaH (0.80 g of a 60% dispersion m oil, 20.12 
mmol) and stirred at room temperature under a nitrogen atmosphere. After 0.5 hours the mixture was allowed to settle 
and the Petroleum Ether was transferred from the flask via a double-tipped needle under nitrogen. THF (1 00 mL) was 
added to the remaining residue and the mixture was cooled to 0°C (ice/acetone) . The coo! solution was treated dropwise 
with a solution of methyfdiethylphosphonoacetate (3.69 mL, 4.23 g, 20 1 2 mmol) in THF (100 mL) under nitrogen. After 

^0 1 hour at room temperature, the mixture was cooled to 0°C and treated dropwise wHh a solution of the ketone 16 (3.0 
g, 9 58 mmol) in THF (30 mL) under nitrogen. After 1 6 hours at room temperature, TLC (50% EtOAc/Pelroleum Ether) 
revealed the complete consumption of ketone and further TLC (5% EtOAc/Petroleum Ether) revealed the formation of 
mainly the exo-product. The reaction mixture was cooled to O'^C (ice/acetone) and transterred via a double-tipped 
needle under nitrogen to another flask containing NaH (0.40 g of a 60% dispersion in oil 10 1 rnrnol) at O'^C. freshly 

^5 washed as above. The reaction mixture was maintained at 0 °C, and after 40minutGs TLC revealed the almost complete 
conversion to endo-producL The THF was evaporated in vacuo and the mixture partitioned between saturated NaHCOg 
(100 mL) and EtOAc (100 mL). The layers were separated and the aqueous iayei extracted with EtOAc (2 X 50 mL). 
The combined organic layers were washed with brine (100 mL), dried (MgS04), filtered and concentrated in vacuo \o 
give an orange oil. Purification by flash chromatography (5% EtOAc/Petroleum Ether) furnished the endo-ester 17 

50 (2.22 g, 63%); [ap^D - -97 7 ° (c- 2.78, CHCig); NMR (270 MHz, CDCig) (Rotamers) 5 6.47 and 6.42 (br s x 2, 1 

NC/^CCH^COsCHs). 5.98-5.86 (m. 1H, NC02CH2CH^^CH2), 5.31 (d. 1H, J= 16.85 Hz, NC02CH2CH=CH2), 5,22 (d, 
1H, J= 10.62 Hz. NC02CH2CH=C/^2)' 4.65-4.49 (m. 2H, NC02CH2CH^CH^), 4 37-4.18 (m, 1H, NCHCH2OTBDMS), 
3.76-3.69 (m, 5H, NCHCH2OTBDMS and CO^CH^), 3.09 (br 2H, NCH=CCH2C02CH3), 2.86 2.80 (m, 1H, 
NCH-CCH2CO2CH3CH2), 2.59 (d, 1H, J - 17,40 Hz, NCH:--CCH2C02CH3CH2)., 0 87 (s.. 9H, SiC(CH3)3), 0.04 and 

55 0.03 (s x 2, 6H, Si(CW3)2); 13C NMR (67.8 MHz, CDCI3) (Rotamers) S 171.2 (CO2CH3), 151.9 (NC-O), 132.8 
(NCO2CH2CH-CH2). 127,1 and 126.4 (NCH:-.CCH2C02CH3). 118.0 and 117.7 (NCO2CH2CH-CH2), 114,6 
(NCH=a::H2C02CH3), 65.9 (NC02CH2CH::.CH2), 63 4 and 62,6 (NCHCH2OTBDMS).. 59.0 and 58 7 
(NCHCH2OTBDMS). 51 .9 (CO2CH3), 36.0 and 34.8 (NCH-CCH2C02CH3CH2), 34.2 and 33.9 (NCH-CCH2CO2CH3), 
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25 8 (5fC(CH3)3), 18.2 (SiC(CH3)3), ^5 4 and -5.5 {SiiCH:^)^); MS (El), m/z (relative mtensity) 369 (M ^-, 58), 354 (2a), 
326 (31). 312 {M-OC3H5 or M^tBu, 100). 268 (80), 236 (21). 227 (86), 210 (22), 192 (22), 168 (93). 152(55), 138 (22), 
120 (79), 89 (70), 73 (75); IR(NEAT) 3086,2954, 2930,2885,2857, 1744, 1709, 1670. 1463. 1435, 1413, 1362. 1337^ 
1301, 1253, 1195. 1107, 1064, 1014, 983, 937, 887, 838, 778, 758. 680, 662 555 cm-f; exact mass calcd for 
CigH^iNOsSi m/e 369. 1972, obsd m/e 369.1868. 

(2S)-2-(fe^^bu1yfd^methy^s^lyloxymethy^)-4-(methoxycarbonylmethy^)-2,3"di^^^ (18) 

[01 19] A catalytic amount of PdCf2(PPh3)2 (84 mg, 0.12 mmoO was added to a stirred solution of the allyl carbamate 
17 (1 .10 2.98 mmol) and (0.32 mL, 17,8 mmof) in CH2C12 (36 mL), After Sminutes stirring at room temperature, 
Bu3SnH (0.89 mL, 0.96 g, 3.30 mmol) was added rapidfy in one portion. A slightly exothermic reaction with vigorous 
gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nitrogen at which 
lime TLC (50% EtOAc/Petroleum Ether) revealed the formation of amine along with the complete consumption of 
starting material. After diluting with CH2CI2 (30 mL), the organic solution was dried (MgS04), filtered and evaporated 
in vacuo Xo give an orange oil which was purified by hash chromatography (50% EtOAc/Petroleum Ether) to afford the 
enamme 18 as a slightly orange oil (0,57 g, 6/%): NMR (270 MHz. CDCI3) 6 7.53 and 7.48 (br s x 2, 1H, 
NCH-CCH2CO2CH3), 4,35-4.13 (m, IH, NCHCH2OTBDMS), 3.82-3.17 (m, 7H, NCH-CCW2CO2CH3, 
NCHCJN^OTBDMS and CO^CHg). 2.64-2.04 (m. 2H, NC\-\=0C\-\2CO2CH^CH2)> 0,90-0.88 (m, 9H. S\C{CH^)^), 
0 09-0.00 (m, 6H, S'liCH^)^): MS (El), m/z (relative intensity) 285 {M"^". 1), 270 (M-CH3, 7). 254 (6), 242 (4), 230 (6)! 
228(M"tBu, 100), 212 (4), 196(3), 168(13), 115(3), 89 (10), 80 (4). 73 (13); MS (Cl)^ m/z (relative intensity) 342 (M+- 
+ 57, 7), 302 (M-^'+17, 7), 286 (M+ +1, 100), 228 (M-^Bu, 100). 

(2S)-/V-{4-Benzyloxy-5-methoxy-2-nitrobenzoyO-2-(/erf-butyldimethylsily]oxymethyl>- 
4-(methoxycarbony Imethy l)-2,3-dihydlropyrrole (1 9). 

[0120} A catalytic amount of DMF (2 drops) was added to a stirred solution of the acid 1 (0.606 1.67 mmol) and 
oxaly^ chloride (0.1 7 mL, 0.25 g, 1.98 mmol) in CH2CI2 (33 mL). After 1 6 hours at room temperature the acid chloride 
solution was addod dropwise to a stirrod mixture of the enamine 18 (0 524 1 84 mmol) and TEA (0 47 0.65 mL, 
4. BO mmof) in CH2CI2 (12 mL.) at O^C (ice/acetone) under a nitrogen atmOsSphere. The reaction mixture was allowed 
to warm to room temperature and stirred for a further 2.5 h , The mixture was diluted with CHgClg (50 mL), washed with 
saturated NaHCOa (50 mL), saturated NH4CI (50 mL). H^O (50 mL), brine (50 mL). dried (MgS04). filtered and evap- 
orated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (25% ElOAc/ 
Petroleum Ether) isolated the pure enamide 19 as an orange oil (0.55 58%): NMR (270 MHz, CDCy 0 7.77 (s, 
^^^rom): 7.45 7 28 (m, 5H^,^^), 6.81 (s, 1H,,^J,5.S0 (s, 1H. NCH-.:CCH2C02CH3), 5.22 (s, 2H., PhCH^)^ 4,76-4,64 
(m, 1H, NC/^CH^OTBDMS), 3.97 (s, 3H, OCH3), 3.72-3.66 (m, 5H, NCHCh/oOTBDMS and CO2CH3), 3.02 (s, 2H, 
NCH^^CCH^OgCHs), 3.01-2.63(m,2H.NCH=CCH2CO2CH3CH^), 0,90 (s.9HrSiC(CH5)3), 0.11 (s, BH^S'iCHj)^): ""^C 
NMR (67.8 MH?, CDCI3) 6 170 7 (CO2CH3), 154.6 (NC-O). 148 3 (C,,^^), 137.6 {C^.^J, 135.2 (C^^^J. 128.8, 128.5 
and 127,6 (BnC-H^.^J. 126.7 {C^.^J, 126.1 (NCH:-^CCH2C02CH3), 118.8 (NCH^CCHsCOsCHa), 109.9 (C-H^^^^), 
109 0 (C-H^,„J, 71.3 (PhCH20), 60.7 (NCHCHgOTBDMS), 59.0 (NCHCH^OTBDMS). 56.7 (OCH3), 52.0 (CO2CH3), 
35.1 (NCH--CCH2CO2CH3), 33.8 {NCH-CCH2CO2CH3CH2), 25.8 (SeC(CH3)3). 18.2 (SiQCHg).), -5.3 and -5.4 (Si 
(CH3)2). 

{2S)-W-(4-Ben2yloxy-5-methoxy-2-nltrobenzoyl)-2-(hydroxymethyl)"4"(methoxycarbonylmethyl)- 
2,3-dihydropyrrole (20). 

[0121) A solution of the silyE protected compound 274 (0.45 g, 0.79 mmol) In THF (8 mL) was treated with H2O (8 

mL) and gfacial acetic acid (24 mL). After 5 hours stirring at room temperature TLC (50% EtOAc/PeLroleum Ether) 
showed the complete consumption of starting material. The mixture was carefully added dropwise to a stirred sotution 
of NaHC03 (64 g) in HgO (640 mL) and extracted with EtOAc (3 X 1 00 mL). The combined organic layers were washed 
with HgO (100 mL), brine (100 mL), dried (MgS04), filtered and concentrated in vacuo to give the crude product as an 
orange glass. Purification by flash chromatography (80% EtOAo/Petroleum Ether) furnished the pure alcohol 20 as a 
light orange glass (0.35 g, 98%): NMR (270 MHz, CDC!3)S7.78 (s, 1 H^^„ J , 7 48-7.33 (m, SH.^^^J. 6.Qe (s, IH^.^J, 
5.82 (s, 1H, NCH=CCH2C02CH3), 5.22 (s, 2H, PhCHgO), 4,81-4.71 (m, 1H. NCHCHgOH), 3.98^3,92 (m, 5H, 
NCHCH2OH and OCf/3), 3.72 (s, 3H, 0030/^3) , 3.1 0-2.22 (m, 3H , NCH..CC^C02CH3 and NCH^CCH ^CO^CH^CH^), 
2.50-2.35 (m, 1H. NCH = CCH2C02CH3CH2) : "^^c NMR (67.8 MHz, CDCI3) 5 170.6 (CO2CH3), 154 8 (NC-O). 148.5 
(^arom). ^ 37.5 (C^^om)^ 1 ^5 1 (C^^^J. 128.9. 128.6 and 127.6 (BnC^H^,^^), 126.2 (NCH=CCH2C02CH3), 119 4 
(NCH-CCH2CO2CH3)., 109 8 (C^Hg,^J, 109.0 (C-H^,om): ^1 4 (PhCH^O). 61.5 (NCHCH20H), 51.4 (NCHCH2OH). 
56.8 (OCH3), 52.1 (CO2CH3), 35,6 (NCH-CCH^COgCHa), 33.5 (NCH:^CCH2C02CH3CH2)^: MS (El), m/z (relative in- 



26 



DlNGDCXilD: < EP 1 1 93270A2. J . 



EP 1 193 270 A2 

tensity) 456 (M-, 7), 286 (M-NCHC^CHsCOsCHsCH^CHCHaOH, 25), 270 (NCHC=CH2C02CH3CH2CHCH20H, 6). 
91 (PhCH2, 100), 80 (6); exact mass calcd for C23H24N2O8 m/e 456, 1533, obsd m/e 456.1 557. 

(2S)-A^(2-Arnino-4-benzyloxy-5-methoxybenzoyl)-2-{hydroxytiiethyl)-4-(methoxycarbonylmethyl)- 
2,3-dihydropyrrole (21). 

[01221 A solution of the nitro-alcohol 20 (0 35 g, 0 77 mmol) and SnCl2/2HjO (0.87 g, 3,86 mmo!) in methanol (16 
mL) was heated to reflux and monitored by TLC (90% CHCIa/MeOH), After 1 hour the MeOH was evaporated >n vacuo 
and the resulting residue cooled (ice), and treated carefully with saturated NaHCOg (65 mL). The mixture was diluted 
with EtOAc (65 mL) and after 16 hours stirring at room temperature the Inorganic precipitate was removed by filtration 
throuqh celite The organic layerwas separated, washed with brine (100 mL), dried (MgS04), tittered and evaporated 
in vacuo to give the crude amine 21 as a pale orange glass (0.29 g. 88%) which was carried through to the next step 
without further purification or analysis due to the instability of the amine. 

{2S)-W-[(2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-{hydroxymethyl)- 
4-(methoxycarbonylinethyl)-2,3-dihydropyrrole (22) 

[0123] A solution of the amino-alcohol 21 (0.29 g, 0.68 mmol) in CH^a^ (12 mL) was cooled to O^C (ice/acetone) 
and treated with pyridine (0.11 ml, 0.11 g, 1 .39 mmol). A solution of allyl chloroformate (79 nL, 90 mg, 0,75 mmol) in 
CH^Ch (10 mL) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2,5 h, at which point TLC (EtOAc) revealed complete consumption of the amine 
21 The mixture was diluted with CH2CI2 (30 mL) and washed with saturated CUSO4 (20 mL), H^O (20 mL), brine (20 
mL) dried (MgS04), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography (70 
ElOAc/Potroleum Ether) to afford Iho pure alloc amino compound 22 as a colourless glass (0.14 g, 40%): H NMR 
(270 MHz. CDCI3) 5 8.58 (br s. 1H, NH), 7,88 (br s, IH^^^), 7.50 7.29 (m, 5H,,,J, 6.83 (s, 1H ), 6.42 (br ^, 1H, 
NC^CCH,CoiH3). 6.03-5.89 (m, 1H, NCO^CH^CH^CH^), 5.39-5.22 (m, 2H, NCO2CH2CH-CH2). 5.18 (s, 2H 
PhCH,0) 4.77-4.73 (m, 1 H, NCHCH2OH), 4.65-4.62 (m. 2H, NCO2CH2CH.-CH2). 4.32-3.84 (m, 5H, NCHCH^OH and 
OCH,) 3.69 (s. 3H, CO2CH3), 3.09 (s. 2H, NCH=CCH2C02CH3), 3.05-2,95 (m, 1H. NCH.-CCH2CO2CH3CH2) Z35 
(dd 1H J ^ 3 76 16 72 Hz. NCH^CCHgCO^CHaCH^) : NMR (678 MHz, CDCy 5 170.6 (CO^CHg), 167.4 
(NC^O^^i,.), 153.5 (NC=0_,_,), 151.1 (C_), 144,4 ('^-.)^136.1 (C ) 132.6 (C )^ 13^ 
(NCO.CHoCH=CH,). 128.6, 128.1 and 127.7 (BnC-H,_). 118.5 (NCH=CCH,C02CH3). ^^^■^^'^^^fj;^^^^^^: 
12 1 (C-H J, 10*6:3 (C H,_), 70.7 (PhCH20), 66 5 (NCHCH^OH), 65.9 (NC02CH2CH=CH2), 61 .9 (NCHCH^OH). 
56 7 (OCH ) 52 1 (Co'cHs) 35.6 (NCH=Ct^2C02CH3), 33.6 (NCH=CCH2C02CH3CH2) ; MS (FAB), m/z (relative 
fntenii?^18 I Tlloglycerol, 2), 511 (M^- 1, I), 510 (M^-, 1), 340 (M-NCH.CCH,C02CH3CH CHCH2OK 
300 (3), 282 (14), 256 (7), 192 (6), 171 (16), 149 (22), 140 (12). 112 (4), 91 (PhCH^, 100), 80 (6), 65 (1), 57 (3). 

(11S,11aS)-10-Altytoxycarbonyl-8-benzyloxy-11-hydroxy-7-methoxy-2-(melhoxycarbonylmethyl)-1,10,11,11a- 
tetrahydro-5H-pyrrolo[2,1-c][1 ,4]benzodia2epin-5-one (23). 

[01241 A solution of the alcohol 22 (0.14 g, 0.28 mmol) in CH2CI2/CH3CN (12 mL, 3:1) was treated with 4 A powdered 
molecular sieves (0.15 g) and NMO {49 mg, 0.42 mmol). After ISminutes stirring at room ^'^'^P«f^'"[^; JPf^'^f ° 
mg 14 ^imol) was added and stirring continued for a further 1 hour 30minutesutes at which point TLC (80 /o btOAc/ 
Petroleum Ether) showed product formation along with some unoxidised starling material. The mixturewas then treated 
with a further quantity of NMO (49 mg, 0,42 mmol) and TRAP (4.9 mg, 14 fimol), and allowed to st.r for a further 0.5 
hours when TLC revealed reaction completion. The mixture was evaporated in vacuoonXo silica and subjected to flash 
chromatogmphy (60% EtOAc/Petroleum Ether) to provide the protected carbinolamine 23 as a colourless glass (39 
mg, 28%): M NHR (270 MHz CDCI3) 6 7.43-7.25 (m, 6H,„,J. 6.90 (br s, 1H,„J, 6.74 (s, 1 H, '^CH=CCI-l2C02CH3), 
5 79-5 64 (m, 1H, NCO^CHsCH^CHs). 5,77 (d, 1H, J= 10.26 H?... NCHCHOH), 5.19-5 06 (m, 4H. NCO^CH^Chr^CH^ 
and PhCHi,0). 4,64-4.45 (m. 2H. NC02C/y2CH=CH2), 4.1 8-3.83 (m 4H, OCH3 and NCHCHOH), 3,71 (s, 3H CO2CH3) 
3 19 (s 2H NCH..CCH2CO2CH3), 3.09 (dd. 1H, 11.09, 16.70 Hz, NCH-CCHsCOaCHsCHa), 2,74 (d, 1H, J- 17.03 
Hz NCHJcCHoCCCHaCH,): "C NMR (57.S MHz, CDCI3) 5 170.7 (COgCHa), 163.3 (NC=03™ae). 155^9 
i^r n {iSOZtC )'l491(C ) 136 1(a,_).1 31. 8 (NC02CH2CH=CH2), 128.7, 128,2 and 127,3 (BnC- 

) 111.0 (C-H,_), 86^9 (NCHCHOH):7T,1 (PhCH20), 66.8 (NC02aH2CH-CH2). 59.5 (NCHCHOH), 56.2 
OCHr52.1 (CO2CH3), 37,0 (NCH=CCH2C02CH3), 33.7 (NCH^CCHsCOgCHaCl-y. MS (El), m/z (relative intensity) 
508 (M- 16) 449 (3), 422 (3), 404 (2), 368 (3), 340 (19). 324 (2), 28? (6). 255 (2). 225 (1), 206 (2), 192 (3), 169 (4), 
152 2) 140 (10) 131 (5), 108 (5). 91 (PhCHa, 100), 80 (9), 57 (9): IR (NUJOt®) 3600-2500 (br, OH), 2924, 2853, 
2360 1 715 1 602 1514, 1462. 1377, 1271, 1219, 1169, 1045, 722 , 699; exact mass calcd for C^-zHagNaOa m/e 
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50B.1846, obsd m/e 508.1791. 

(11S.l1aS)&(11H,11aS)-8-Benzytoxy-7.11-dimethoxy.2.(methoxycarbony.methy1).1,10.11.^^ 
pyrro»o[2,1-c][1 ,41benzodiazepin-5-one (24, S JG-245). 

[0125] Acataly.icamountoftetrakis(lnphenylphosphino)palladium(5.0m9,4.33^mol) 

of the Alloc-protected carbinolamine 23 (88 mg, 0.17 mmol). triphenylphosphme (2.27 mg, 8.65 ^^^^'^^^^ 

/. ^ouo and the crude residue was pur .od by ^^J^^^^f ^^^^^^^^^ l^X^ZlnZcuo with CHC,3 in order to 
PBD (SJG-245) as a colourless glat? 54 mg, 77 /.) which was rcpedieuiy t. 4 H/ HC- W 7 50 (s 

provide (he N10-C11 imine form 24: NMR (270 MH., CDCI3) ("7'"^) ^/^^^ 5 o^fig nn^H PhCni)' 

H,j ^ V ic T OR (m c:h ^ 6 91 (brs 1H NCH=CCHoC02CH3}, 6.83 (s, IHaroJ, 5.21-5.12 (m, ^H, KnL,M2U , 
1 Harom). 7.45-7.26 (m, 5H,,„ J, 6,91 (Pr s, 2 2 NCH^CCH.COaCHa), 3.1 5 (m, 2H, 

(C-arom)' ^"8.1 140.Ut.arom)^ "f" , I /TT/r- H ^ 111 S (C-H ) 70 8 (PhCHpO). 56,2 (OCHg), 53.8 NCH- 

1iq2(C ) 117.5(NCH=a;H2C02CH3), 111.8(C-Haroni)^ "arorn^ '"■°J'\ 2 

(01261 Repealed ,.,po,al»n " ™* , „ , e 85 (br =, 1 H NC/feCOHjCOaCHa). 6.62 

'"■"TsS"/?S'iT,'1e6Mc'^^^ 

isomer) o 172.7 (cAJ2V-'ri3J, tod.o v^^aram^ i-J-^ -' ^'^ / ^ I /-r-u (^r> rM ^ n-^ 7 ^C-H ) 

109.2 Mgrom). v^'^'^'-' z'- ^ _j , . |y,g (re atlve intensity) 420 (M* , 

(CO2CH3), 38.7 (NCH.CCH^CO^CHs), 34.1 {NCH= . -,2C02CH3CH2) ■ 1^1). V 

fit: /7V IR ^NUJOL(©) 3318 (br, OH of carbinolamine term), 2923, 2B53, 1 /^/, iby^. ^DOD, I u^ , ' 

?501 146r 1461 1I52 1378: 1244, 1072, 1006, 786, 754, 698 cm- .xact r^ass calculated for C,,H,,N,0, m/e 

406,1529, obsd m/e 406. 1510. 

ExamEles.1icAdllSyn^^ 
[0127] 
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ExampiG 1 (d) 

55 (2S)-N^[(2-Al.yloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyn-2.{ter*.butyldimcthylsilytoxymethyl)- 
4-(methoxycarbonylmethyl)-2,3-dlhydropyrrole (26) 

101281 Petroteurr. Ether (100 mL) was added to a sample of NaH (1 .41 g of a 60% dispersion in oil, 35,26 mmol) and 
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stirred at room temperature under a nitrogen atmosphere. After 0 5 hours Ihe mixture was allowed to settle and the 
Petroleum Ether was transferred from theflask via a double-lipped needle under nitrogen THF (00 mL) was added to 
the remaining residue and the mtxture was cooled to O^^C (ice/acetone). The cool solution was treated dropwise with 
a solution of melhyldiethylphosphonoacetate (6.47 mL, 7.41 g, 35.25 mmot) in THF (80 mL) under nitrogen. After 1 .5 

5 hours at room temperature, the mixture was cooled to 0"C and treated dropwise with a solution of the ketone 6 (S O 
g. 14 1 mmol) in THF (50 mL) under nitrogen. After 16 hours at room temperature, TLC (20% EtOAc/Petro!eum Ether) 
revealed reaction completion. The THF was evaporated in vacuo and the mixture partitioned between saturated 
NaHCOa (200 mL) and EtOAc (220 mL). The layers were separated and the aqueous layer extracted with EtOAc (2 X 
200 mL). The combined organic layers were washed with H2O (200 mL), brine (200 mL), dried (MgS04), liUered and 

10 concentrated in vacuoXo give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished Ihe endo-ester 26 (7.02 80%); [af^^ -93.0 -- ^ 04^ CHCIS) ; NMR (270 MHz, CDCts) 6 8.78 (br s, 
1 H). 7.95 (s, 1 H), 7.50-7.29 (m, 5H). 6,32 (s, 1 H), 6.46 (br s, 1 H). 6.02-5.88 (m, 1 H), 5 ,35 (dd, 1 H, J - 2.93, 1 7,22 Hz), 
6.24 (d. 1H. 1 0.44 Hz), 5.1 8 (s, 2H). 4.70-4.61 (m, 3H), 3.96-3.82 (m. 5H). 3.68 (s 3H), 3.08 (s, 2H)^ 2.91 2.82 (m^ 
1H) 2.71-2.65 (m. 1H), 0.88 (s. 9H), 0.06 and 0.04 (s x 2, 6H); NMR (67.8 MHz. CDCy 6 170.7, 165.8, 153,5, 
150.6. 144.0. 136.2. 132.7, 132.5, 128.5, 128 2. 128,1, 127.7. 118.1. 118.0, 114.4. 112.0, 106.0, 70.6, 65.7, 62.3, 59.4, 
56 6. 62.0 34.6. 33.9 25. B, 18.1, ^5.4; MS (El), m/z (relative intensity) 626 (M^' f 1, 3), 625 (M^^ -h V 7), 624 (M"^", 
14). 568 (5), 567 (11). 509 (3). 476 (3), 341 (5), 340 (17), 339 (4), 299 (3), 286 (18), 285 (87), 282 (11). 256 (4). 242 
(3). 229 (3) 228 (14). 226 (11), 168 (10), 166 (3), 152 (6), 141 (5). 140 (50), 139 (9), 108 (3). 92 (10), 91 (100), 89 (6), 
80 (11). 75 (11). 73 (10). 65 (5), 57 (6)^41 (12); IR (NEAT) 3332 (br, N'H), 3019, 2953, 2930.2857, 1733, 1622, 1699, 

20 1524, 1491. 1464, 1408. 1362, 1335, 1258, 1205, 1171, 1113, 1051 , 1027, 938, 839, 757, 697, 666 cm'''; exact mass 
calcd for C33H44N20QSi m/e 624.2867, obsd m/e 624.2936. 

(2S)-A^[(2-AHyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoylI-2-(rer^butyldimeth^ 
4-{hydroxy-2-cthy1)-2,3-dihydropyrrote (27) 

25 

[0129] A solution of the ester 26 (4.0 g, 6.41 mmol) in THF (55 mL) was cooled to 0°C (ice/acelone) and trealed with 
LiBH4 (0,21 g. 9.62 mmol) in portions. The mixture was allowed to warm to room temperature and stirred under a 
nitrogen atmosphere for 26 hours at wh ich point TLC (50% EtOAc/Petroleum Ether) revealed the complete consumption 
of starting material The mfxiure was cooled to O-'C (ice/acetone) and water (14 ml) was carefuliy added. Following 

30 evaporation ol the THF in vacuo, the mixture was cooled and then neutralised with 1 N HCI. The solution was then 
diluted with H2O (100 mL) and extracted wilh EtOAc (3 X 100 mL), the combined organic layers washed with brine 
(100 mL), dried (MgSO^), filtered and evaporated in vacuo. The crude oil was puritied by flash chromatography (30 
40% EtOAc/Petroleum Ether) to furnish the pure endo-alcohol 27 as a transparent yellow oil (2.11 g, 56%): Ut.f% ^ 
-86.43 " (c---- 1.38, CHCI3); 1H NMR (270 MHz. CDCy 5 8.76 (brs, 1H), 7.92 (br 1H). 7.50-728 (m, 5H). 6.82 (s. 

35 1H). 6,36 (brs. 1H), 6.02-5.87 {m, 1H)^ 5.35 (d, 1H, J- 17.22 Hz), 5.24 (d, 1H, 11.72 Hz), 5.1 8 (s, 2H), 4.64-4.61 
(m, 3H). 4.1 0-3.99 (m. 1 H). 3.80 (s, 3H), 3.79-3.66 fm, 3H), 2.85-2.75 (m, 1 H), 2,64-2.60 (m, 1 H), 2.30 (t, 2H, J = 6.23 
Hz). 1 .74 (br s, 1 H)^ 0.88 (s^ 9H). 0,06 and 0.04 (s x 2. 6H); ^^C NMR (67.8 MHz, CDCI3) 6 1 65,3, 153.5, 150.5, 144.2, 
136.3. 132.5. 128 6, 123.1. 127.7, 126 7, 122.8. 118 0. 114,3. 112.0, 106.1., 70.7. 65 7, 62.8, 60.4, 59-1, 56.6. 34.4, 
31,7. 25.8, 18.2, ^5,4; MS (El), m/z (relative intensity) 598 (M *- 1 2, 3), 597 (M+- f 1, 5), 596 {W\'\, 13), 581 (2), 541 

40 (2), 540 (4), 539 (9), 448 (2), 341 (2), 340 (12), 282 (7), 259 (5), 258 (20), 257 (100). 256 (3), 227 (3), 226 (12), 200 
(5), 168 (6). 124 (3), 113 (3). 112 (50), 111(4), 94 (10), 91 (25), 73 (3); IR (NEAT) 3340 (br), 3066, 3033, 2930, 2857, 
1732, 1598, 1520, 1456, 1409, 1328, 1205. 1165, 1113, 1049, 1023, 938. 839, 778, 744. 697. 677, 637 cm-"". 

(2S)-A^[(2-Any!oxycarbonylamino)-4'benzy!oxy-5-methoxybenzoyl]-4-(acyloxy-2-ethy!)-2-(fert^ 
45 butyldtmethylsMyloxymethyO-2,3-ctjhydropyrrole (28) 

[0130] Acelic anhydride (8.1 7 g, 7 55 mL. 80 mmol) and pyridine (30.2 mL) were added lo Ihe aicoho! 27 (0.953 g, 
1,60 mmol) and the solution stirred for 16 hours under nitrogen at whtch point TLC revealed reaction comptelion (50% 
ElOAc/PetroEeum Ether). The reaction mixture was cooled to 0"C (ice/acetone) and treated dropwise with MgOH (15 

50 mL), After stirring at room temperature for 1 hour the mixture was treated dropwise with H2O (30,2 mL) and allowed 
to stir for a further 1 6 h Following dUutPon with EtOAc (56 mL), the solution was cooled to 0"C and treated dropwise 
with 6 N HCI (56 mL). The layers were separated and the organic phase was wr-^shod with 6N HC! (2 X 28 mL) and 
the combined aqueous layers were then extracted with EtOAc (70 mL). The combined organic phases were then 
washed wilh H2O(60 mL), brine (60 mL), dried (MgS04), fittered and evaporated in v^cuo. The crude oil was a mixture 

55 of the desired product 28 and the TBDMS cleaved compound 29 as judged by TLC. Puriftcation by flash chromatography 
(20 -> 100% EtOAc/Petroleum Ether) provided 29 (0.2 g) and desired acyl-TBDMS compound 28 (0,59 58%) as a 
colourless oil: [a?^o = - 87.04 " (c - 4.91, CHCI3); ^H NMR (270 MHz. CDCI3) (Rotamers) 5 B.77 (br s. 1H), 7 94 (br 
s, 1H). 7.49-7.31 (m, 5H), 6.80 (s. 1H), 6.37 (brs, 1H). 6 02-5,89 (m, 1H). 5.35 (dd, 1H, J - 17.22, 1.65 H^). 5.24 (d, 
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1H J- 1030H7) 519(S 2H), 4.64-4.61 (m. 3H). 4.12 (t, 2H, J = 6.78 Hz). 4.03-3 95 (m, 1 H), 3.83-3.75 (m 4H)^ 
B5i75 (^ 1 nt 2.64-2.60 (J,' 1 H), 2.40-2.26 (m, 2H,), 2.03 (s, 3H), 0.88 (s 9H, O O^. O.o, .nd ° V^/^' f ^^^J 

NMR {67.8 MHZ. CDCI3) 8 170.9, 165.5. 153.5. 150.6, 144.1, 136.3. 132.7, 132.5, ^f f. 128-1 ,127.7, 126.5_122^J 

118 0 114 3 112 2 106 1 707, 65.7. 62.4. 60.4, 59.2, 567, 34 6. 31.7, 27.9, 25.8, 20.9, 18,2, -5.4, MS (El) m/z 
s ^vr^ntenJ;) 64^ (M^- . 2 3). 639 (M^" . 1,7), 638 (M^-, 15), 3 (2)^ 583 (3)^ 5B2 (6)^581 (14)^53^ 

490 (3) 341 (5), 340 (22). 301 (5), 300 (18), 299 (75). 2B3 (3), 282 (14), 256 (4), 242 (7), 24 (5 , 240 (16), 239 (62 , 
R ^ iq? 3^ 182 ( 8) 181 (51 180 (3) 168 (5). 166 (5), 154 (10), 131 (3), 106 (3), 95 (4), 94 (48), 93 (5). 92 (8). 

S MOOl 89 (S 75 (ef 7^ (8) 65 (3) 57 (3); !R (NEAT 3324 (br. NH), 3066, 3018, 2954, 2930, 2857, 1737, 1622. 

I^JsmLs U89 U64, ?363,'i327, 123oS 205.\i 68, 1115, 10S0, 1 030, 994. ^37, ^39^756. 697, 667, 638, 

io 606. 472, 459, 443 cm-1; exact mass calcd for Ca^H^gNgOgSi m/e 638.3024. obsd m/e 638.3223. 

{2S)-W^[(2-Allyloxycarbonylamino)-4-benzyloxy-5.methoxyhenzoyll-4-(acyloxy-2-ethyl)-2-(hydroxym^ 

2,3-dihydropyrrole <29) 

is roisn A solution of the silyl ether 28 (0.83 g, 1.30 mmol) inTHF (14 mL) was treated with H,0 (14 mL) and giadal 
acltic acid "2 mL), After 2 hours stirring a. room temperature TLC (50% EtOAc/Potroteum Ether) showed the complete 
consumption of starting material. The mixture was cooled (ice) ar,d treated dropwise with a solut.on of NaHCOg (64 g) 
in ro (So mL) The aqueous solution was extracted with EtOAc (3 X 100 mL) and the combined organ,c layers were 
washed with H,0 (1 50 mL) , brine (1 00 mL). dried (M9SO,), filtered and concentrated ,n ..cuo to g.ve the crude product 
20 an o, angc oil. Pur.lca.ion by flash chromatography (60% EtOAc/Petroleunn Ether) furn.hed P--'- - 29 a 
a white glass (0.537 g, 81%): [«]-o - -83 60 " (c = 0.25. CHCy; NMR (270 MH,^ CDCy 5 8.56 (b s. 7^89 
(brs If!) 749-729 (m 5H). 6.81 (s, 1 H), 6.28 (br s, 1 VI), 6.03-5.89 (m, 1H), 5.35 (ddd, 1 H, J= 17.22, 3.11 ,1.46. 11^ , 
5 25 (d H 10.44 HZ), 5.19 (s 2H). 4.80-4.70 (m, 1H), 4.65-4 62 (m, 2H), 4.41-4.31 (-JH)^4.20^4^06 (m, 2H, , 
3.84 3 77 (m, 5H), 2 98-2^88 (m. 1H), 2.39 (t. 2H, ^ 6.51 Hz), 2.33-2.25 (m, 1H,). 2^03 (s, 3H); -C ^MB (67.8 MH.. 
CDCi3)S170.8. 167.1, 153.5,151.0,144.3,136.1, 132.6.132.4,128.6,128 1,127.7, 126.3,^^^^^^ 

Tn T L fif^ ft B2 0 61 7 56 8 35 4 31 7 27.8. 20.9; MS (El), m/7 (relative intensity) 525 (M"^ 1 , 5), 524 (fvfl 
,'3 ■ 6^340 OB (2 ,".3 ,3), .32 25S .27 ,5). 208 ,2,, <^V=° -J'^ "^'l ''^^'^JVS ' 

167 (6), 166 (2), 164 (2). 163 (2), 164 (3), 136 (3). 131 (3). 126 (7)^ ^^^^^^^^^^^^ ^ 

94 [A 93(3) 92 (9) 91 (1 00). 83 (2). 69 (2), 68 (3). 67 (3), 65 (5). 58 (6), 57 (1 7) ; IR (CHCI3) 3335 (br^ 
?599 1524: 1455: 1434, UOs! 1231 .1170. 1112. 1029. 995, 932, 868. 765. 698. 638. 606 cm"^; ex.ct mass calcd for 
C2SH32N2O8 /77/e 524.2159, obsd /rVe 524.2074. 

(1 1 S.1 1 aS)-2-( Acy loxy-2^ethvl)-1 Orally loxycarbonyl-S-benzyloxy-l 1 -hydroxy-7-methoxy-1 ,1 0,11 ,11 a- 
tetrahydro-5HLpyrro!o[2,1-cl[1 ,4]ben2odiazepin-5-one (30) 
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r0132l A solution of DMSO (0.25 mL. 0.27 g. 3.49 mmol) in CH^CI^ {10 mL) was added dropwise over 35m,nutes to 
L olu ion oroxalyl chlor,de (0 87 ml of a 2.0 M solution in CH.Cl,. 1 .75 mmol) at -45"C ('iq N2/C^^l7b--f-> ^^^^ 
a nit oZ atmosphere After stirring at -45=C for 40minutes. a solution of the alcohol 29 (0.51 g. 0.97 mmol) in CH^CI, 
(7 mU Tas a^^^^^^^^ over 35minutes at -45"C. After 55minutes at - 45«C. the mixture was treated dropwise 

wit'asdufionofT^^^^^^^^ 

rreacf' on mixture was allowed to warn, to roor. temperature and was diluted -■^l^;;^^<;^^^^^^^^ 
HCI (60 mL), H,0 (60 mL), bnne (30 mL) , dried (MgSO^), Wtered and evaporated ,n vacvo. 1 LC 80 ^ ^ OAc/Pctro cum 
Ether) Of the crl.de material revealed complete reaction. Purification by flash chromatography (50% EtOAc/Petroleum 
Elher) furnished the protected carbinolamine 30 as a creamy glass (0.25 g, 49%). 

Method B: 

10133] A solution of the alcohol 29 (0.21 g, 0.40 r.mol) in CH.Cl./CHsCN (30 mL, 3:1) was treated ^^f ^ A powdered 
Inol Jular sieves (0.1 5 g) and NMO (69 mg, 0.59 mmol). After 15m.nutes f^^.^^^^^^^l^^^^ 

19 3 umol) was added and stirring contlnjed for a further 1 hour at which point TLC (^0 EtOAc/Potroloum ttncr, 
owed pLuct fo,r.ation along with some unoxidised starting materia,. The mixturo was then tree with a urt e 
quantity of NMO (35 mg. 0.30 mmol) and TPAP (3.50 mg, 10 jrmol), and allowed to stir for a further 1.5 hours aRer 
SlI TLC rlveaied complete reaction. The mixture was evaporated vacuo onto silica and subjected to flash 
rhmmatography (50% EtOAc/Petmloum Ether) to provide fhc P-'-^^d/^^fJ-'^'-^^^/^'J :o7sTh) 6 76 s 1 H) 
46%) ff -r113 85 ° (c. 0.95, CHCI3): NMR (270 MH7, CDCIo) 5 7.49-7.26 (m. 6H), 6.80 ^^'J^J'^^JJ'^^^J^' 

5 7^5 59 (m, 1 H). 5.75 (d, 1 H, J= 1 0.08 Hz). 5.1 9-5.05 (m, 4H), 4.52-4.29 (m. 2H). 4,28-4.08 (m, 3H), 3.95-3.80 (m, 
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I ^frvKr H NO m/e 522 2002. obsd m/e 522. 200«- 
exact mass calcd tor C28n3o'^2'^8 "^^^ ^^^-^^ ^ 

benzodiazepin-5-one (31 ,UP2051 , SJG-301) 

. ,1 ^- /c OR mn 4 1^5 iimol) was added to a stirred so- 
[0134, A catalytic amour^t of ^-^^-^^-^^'-^^^^^^^^^^^ (2.39 rng, 9.10 ,mo.) and pyr- 

tution 01 the Ailoc-protected carbinolamme 30 fl^^f^ll^'^^^^^^^^ 

rolidme (1 3 6 mg. 0.1 9 mmol) in CH^CI^ (1 0 mL). After 1 hour sUrnng au j evaporated in vacuo 

TLC (97% CHCl3/MeOH) revealed the complete consumption f J^^S J^) to afford the PBD (31 , SJG-301 , 

I d he crude residue was purified by flash ^^l^^^^'ZZle^ ^^^^ -^^-^ P-^'^^ '^'^ ' '''' 

UP2051) as an orange glass wh.ch rep-tedly ^^J^? .'"^^"r ^70 MhI CDCI3) (imine) 6 7.78 (d, 1 H ^ 
,m,ne form (66,3 mg, 87%): I«Fo = "^'^l 6/ » (c O^^^, CHCI3 , H N ^^^^ 3 3 3^ 

. 4.03 Hz). 7.70-7.28 (m, 6.83 (s, 1 ^ fj^' 'J 2 06 is 3HV NMR (67,8 tVlHZ, CDCI3) (Rolamers) 
,r., 1H),3.28-3.15(r., 1H),3.04-2.97 ''':^lf-'^^^^^^ 128.1, 127.3, 124.7, 121 .4, 111.9, 111^5^ 

5170 9 1626 161.1.150,9,1482,140,1,136.1,132,1,132.0 l^tt./, . 420 (M'M4), 41 9 (1 2), 41 8 

7 .8 ei. 9 56.2. 53.6, 37.4, 27.9, 21 .O; MS ^E'^:::;.-'?;;^;!^^^ r2r256 (4 . 129 (3) 1 L (3), 9^ (4). 93 (3), 92 

(36), 361 (6), 360 (20), 328 (3), 313 (8), 270 (4), ^ J' ^^f "^^^ ' 55 (4) IR (CHCI3) 3313 (br). 2957, 2934, 

1?37^ - 1~ 69^, S42 c..-. e.aot r.ass calcd for 
C24H24Na05 rT7/G 420.1 685, obsd rrvb 420.1 750. 

tetrahyclro-5H.pyrroto[2,1-*:][1 .4]benzodiazepin-5-one (32). 

,^ u r, m\ > waq added dropwise to a stirred solution of the acyl 
t0135, A solution Of K,CO (328 mg, 23B mmo,,n 

compound 30 (0,248 g, 0.475 mmol) m CH^CI^ mL)^and Meu j ' ,^ ^^^^^ g.^^ ^ ^,„^dy aqueous so- 

TLC (EtOAc) revealed complete reaction. The MeOH CHaCb 3P combined organic layers were 

7utSn which was diluted with H,0 (30 r.L) ^ ^ ^J;- ^.^^^ J^^^^^ provide a creamy oil Punfication 

then washed with brine (30 mL), dried (MgS04 • ^^^'^^^ ^^ Z^T^c alcohol 32 as a transparent colourless glass 
by flash chromatography (97% CHCiyMeOH) furn s ed .he hor.oa^^^ ^ ^ ^^ ^^ ^ 

(178 mq, 78%): [o.]^^^.. = +48,43 ^ (c .J .56, CHCi3)^^H NMR (270 M , ^ 3 g^), 

6,73 (S, 1H), 5.74-5.55 (m, 1H), 5.73 MMR (67,8 MHz, CDCI3) 5 163 1 , 155,8, 150.3, 

3.07-2.97 (m, 1H), 2.67 (d, 1H, J= 16.49 H^)^240.2^17 (^^^'H), O ^ ^ ^ g ^,0 9 86 0, 71,1, 

149 1, 136.1, 131.8, 128.6, 128.1. 127,7, 127.4 125,3, ^24. . 1^^^^^^^ ^ 430 (M-, 26), 

66,7. 60.3, 59,6, 56.2, 37.1, 31.5; MS (El), ^'"f f ^^^^^^^^^^ 141 (13 , 131 (6). 112 (24), 110 (4), 

449 (4), 378 (12). 347 (7), 341 (J). 3^0 (25). f ^^^^f ^ ^ ,^^^9 e act mU ca J «V.480.1897, 
94 (10), 92 (9), 91 (100), 80 (4), 70 (5), 69 (7), 65 (4), 58 (11 ), ). 
Obsd m/e 480.1 886. 

45 benzodiazepin-5-one (33. UP2052, SJG-303). 

[01361 A catalylic amount o, --is(tr,pheny,phosph^^ ::i:ZTelt::^ 
,u,ion of the Alloc-protected carb.noiamme 30 ,J^.6 -9^ ^ ^ominutesutes stmir.9 at room temperature under a 
pyrrolidine (24.3 rpg. 0 3^ mmol) in CH^Cl^ (I0 mL). " consumption of starting materiaL The solvent 

nitrogen atmosphere, TLC (90% CHCiyMeOH) ^^^^f^/J^^^^^^^ (98% CHCiyMeOH) to afford 

was evaporated in ..cuo and the crude res.d.e was pur f.ed by f ash ch ^^^^^^^ ^^^^^ CHCI3 in order 
PBD (33, SJG-303, UP2052) as an -^^^fj^'^'^^lr^;^ CDCy (Rctamers) 6 7.75 (d, 1H, J = 4.03 H.)^ 

to provide the N10-C11 imine form (103 mg 84%): '^J^^^^f^^^'^ ^H) 3 91 (s, 3H), 3.35-3,25 (m, 1H), 3,18-3.15 
7.58-7.22 (m, 6H), 6 82-6.80 (m, 2H), 5.17-4^88 m, 2H)_ 4^^^^^ 

(m. 1H). 3.04-2.97 (m, 1H), 2.52-2.47 (m, 2H); "C NMR (^7.8 ^^^., CD0 3) K ^ ^ 3, 5, 

48.1, 142.3, 138.3, 136.4, 128.7, 128.6, ^j'^,^ ;2r4 124,2^ 23T, 3^^ 33, 

'^^^s^ss:s::^^^ ^is;.^'^^ (6), 257 (5), 2s. (5). 257 o., ass 
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(24) 243 (15) 155 (6) 136 (5). 124 (7). 106 (6), 93 (6), 92 (38), 91 (100), 65 (16), 63 (5). 51 (5); IR (CHCy 3313, 
£l 8 1623 1598, 1568, 1509, 1455, 1436, 1386, 1328, 1243, 121B, 1175, 1130 1061. 1007, 870. 831 , 792, 752, 697, 
662 cm-1: exact mass calculated for C22H22N204 m/e 378.1580, obsdm/e 378.1576. ^ , ,^ , iu n^ao 

[0137] Repeated evapomtion in vacuo of UP2052 with CH3OH provided the N1 0-C1 methyl ether f°rms^^H NMFt 
(270 MHz, CDCI3) (Rotarriers) 57,66-7.22 (m, 6H), B.82-6.81 (m, 2H), 5.21 -4.76 (m, 2H). 4,61-4,15 (m, 1 H), 4,03-3.71 
(m, SH), 3,44 (s, 3H), 3.35-1 .92 (m, 7H). 

Example 1(e):Svnthesls of the C7,C8-D.methoxv-C2-Methoxvcarbonvlmeth v l P BD AN- SJG (42. UP206 5Ksee 
Figure 4) 

[0138] 




(2S)(4H)-W-^4,5-Dfmefhoxy-2-^^^fobel1zoy/>2-^ter^butyldlmethylsily!oxym^ 

[01391 A catalytic amount of DMF (2 drops) was added to a stirred solution of the nitro-acid 34 (12.45 g 54.8 nnmol) 
Ld cLlyl Chloride (5,75 mL, 8.37 g 65.9 mrT,o,) in CH,C,, (300 mL). After 15 hour, at 'l^.^ ^^^^^^^^ 

acid chloride solution was added dropwise over 4.5 hours to a stirred nnixture of the amine 2 {1 2.65 g, 54.8 nimc^) and 
TEA (13.86 g. 1 9.1 rr^L. 137 mmol) ir, CH^CI^ (3O0 mL) at 0=C (ice/acetor,e) under a nitrogen atmosphere. The react on 
mixture was allowed to warm to room temperature and stirredfora further 2.5 h The mixture was washed with satura ed 
NrHC03 (300 mLV saturated NH.Cl (300 mL), H,0 (250 mL), brine (300 mL). dried (MgSO ), ^^^^^^^^^^ 
in vacuo o give the crude product as a dark orange oil. Purification by flash chromatography (80% E^OAc/Petroleum 
Ether) isotaL the pure amide 35 as a sticky orange oiS (18 11 g. 75%): M^o = 1 05 7^ (c ^ '-^^^^^ ""^^ 
(270 MHZ, CDCI3) (Rotamers) 5 7.71 and 7.68 (s x 2, 1H), 6.86 and 6.79 [s x 2^1 H)^ 4.50 and 4 38 (b s x 2, 2H)^ 
4.13-4.10(m.1H),3.98(s,3H),3.94(s,3H),3,78-3,74(rn,1H),3.35-3.27(rr,,1H).3.07(dJH,J=1Y7H^^^^^ 
(brs im 235-226(m 1H) 2.11-2.04 (m. 1H), 0.91 and 0.81 (s x 2, 9H), 0.10, 0.09, -0.07. and -0.10 (s x 4, 6H) C 
Lr 67.8 MHz CDCy (Rotamers) 6 166.6, 154.2 and 154,1 , 149.3 and 148.9, 137.5, 128.0, ^^^^Y^^'^S^m 
69 4 64 7 and 62 5 59 0 and 54.9. 57,3. 56.6, 56.5, 37.4 and 36.3, 25 9 and 25.7, 18.2, -5.4, -5.5 and -5.7, MS (Ei , 
iret ve 44O (M^-, 2^ 426 (9), 386 (4). 385 (20), 384 (65). 383 (100) 367 (4), (;^) « (^>^7^^ ^ 

286 (5). 211 (15), 210 (100), 194 (12), 180 (4), 165 (17), 164 (8), 137 (4), 136 (25) 12 (4), f f 
(15) 73(15) 59(4) 57 (4), tR (NEAT) 3391 (br, OH). 301 2, 2952, 2931 , 2857, 1616, 1578, 1522, 1456 1436 1388 
1338 1279 1225. 11 83. 1151 , 1074, 1053, 1 029, 1004, 939, 870, 836, 816, 785, 757, 668, 650, 620 cm"^; exact mass 
calcd for CjoHggNgOTSi m/e 440. 1 979. obsd m/e 440.1 903 

(2S)(4f?)-/^(2-Ammo-4,5-dimethoxyberizoyl)-2-(fert-butyidimethylsily1oxymethylH-hydroxypyrroUdine(36) 

[0140] A solution of hydrazine (6.59 g, 6.40 mL. 205.5 mmol) in MeOH (110 mL) was ^^^^^/''^P^'f '° ^4^^;*^^^^ 
S the nitro-compound 35 (18.1 g, 41.1 mmol), over anti-bumping granules and Ranoy Ni (2 6 g) '-^^^J^Jl^^^^^^ 
and heated al rellux. After 1 hour at reflux TLC (95% CHCb/MeOH) revealed some amme fomnaDon Jhe r.acl on 
n-,ix.ure was treated with further Baney Ni (2.6 g) and hydrazine (6 40 mL) in MeOH (50 mL) and was ^ea^od ^.t re'^^^ 
for an additional SOminutes at which point TLC revealed reaction completion. The reaction --tu^^ wa« Tfo ow no 
with sufficient Rar^ey Ni to decompose any remaining hydrazine and heated at reflux for a f^^^^^ ^ '^^^^ .'^^'^j^';^ 
cooling to room temperature the mixture was filtered through b sinter and the resulting filtrate -aporated ,n ..ja 
The resulting residue was then treated with CH.CI, (300 mL), dried (MgSO,). ^^l^lfj^^^^^^^ 
provide the amine 36 as a green oii (16,03 g, 95%): [a]22„ -116.32 " (c = 0.31 , CHCI ); iR NMR (270 MHz CDCI3) 
motamers) 5 6.70 (s, 1 H), 6.28 (s, 1 H), 4.51 -4.49 (rr,, 1 H), 4.36-4.34 (m, 1 H), 4.06-3,77 (m, 1 0H), 3 61 -3.50 (m 3H), 
^23:2.21 m, 1H), 2.01-1.98 (m, 1H), 0.89 (s, 9H). 0.04 (s, 6H), NMR (67^8 MHz, CDCy (Rotame-) ^ 70,2, 
151 5 141 2 140 5 112 2, 112.0. 101.1, 70.4, 62.6. 59.0, 56.9. 56.6. 55,8, 35.7, 25.9 and 25.7, \S 
MS (El m5 (-lative intensity) 412 (M^- . 2, 3), 411 (M ^- . 1 , 10), 410 (M^", 32), 354 (6) (23), 263 3) 2 2 (5)^ 
^81 (11) 180 (100). 179 (3), 65 (3), 164 (6). 152 (10), 137 (4), 136 (4), 125 (5), 120 (3), 100 (3), 94 (6), 75 (9), 73 
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^7^ ^7 ^3V IR (CHCU) 3353 (br) 2953 2930, 2857, 1623, 1594, 1558, 1517, 1464, 1435. 1404, 1260, 1^234, 1215. 
i?75 Vllk^oeT^^i 9^5, 836, 777, 755. 666 cm- exact mass calcd for C^H^N.O.S rn/e410.2237, obsd m/e 

410.2281. 

(2S)(4/7)»W-[(2.Allyloxycarbonylammo).4,5-dtmethoxybenzoylV2-^ 
4'^hydroxypyrrolidine (37) 

[01 411 A solution of the amine 36 (1 6.03 g, 39 mmol) in CH^Cl^ (450 mL) was cooled to OJC ^^'^'^'^'^^^^^^^ 
,^ vT rmQAmt fi7Rn R5 8 mmoli A solution ol ailvl chloroformale (4.35 mL, 4.94 g. 40.95 mmol) in CH2CI2 

; > . o fMrfh^r t R h At whirh DointTLC (EtOAc) revealed complete consumption of amine 36. The reaction 

^:irw"^:rr:ih\ii^^^^^^^ h,o (3oo .d, .nne ooo -^^^^^^^ 

evaporated In .scuo. The crude residue was p.nfied W tlash chrornato^^ f *°?27 CHcy f^H NMR 270 

the pure alloc-amino compound 37 as a clear oil (16.78 g. 87 /o). W D; 93^-^^ |^ c'^^ Mrt 1H J- 17 22 3 12 
MH/ CDCI3) (Rotamers)S 8.93 (brs. 1H), 7.72 (s, 1H), 6.77 (s, 1H), 6 "S SJ (^^ J l^- ^.34 (dd 1 H, 
HZ) -3 (dd 1 H J = 10 44. 1 .29 Hz), 4.63-4.55 (m, 3H), 4.40-4.38 (m, 1H), 4.15^4.08 (m, IH)^ 3^9 «^ 
3H TbIs 55 (m, 3H), 2 34-2.24 J 2H), 2.07-1.99 (m, IH), 0.89 (s, 9H), -^^'^^^^^^ f^.^^^^;^? £7 
MhV CDCIa) (Rotar^ers) 6 169 5, 153.8, 150 9, 143.8, 132.5, 118.0 ■^■'^^•^^^^^^^^^^ 

exact mass calcd for C,,4H38N207Si rrVo 494.2448. Obsd nV<. 494,2365. 

(2S)-N-[(2-AllyloxycarbpnylaminoM.5-dimethoxybenzoylh2-(tert-butyWimethylsilyloxymethyO^ 

4-oxopyrrolidme (38) 

-o:p.ere.ALrs ^ ^ ^O^O.^ ^ ^^^^ S^^^ 

TEM32 2T23':r23; r^:! n CH?ci;( C^^^^^^^^^^ afowed to warm to room temperature. The reaction mixture 
was trSd w«h ble\250r) a^^ washed with cold m HCI (2 X 300 mL). TLC (50% EtOAc/Petrolcum ^ther) analyse 
Tf r CH a lave revealed complete reaction. The layers were separated and the organ.c phase washed with H^O 

LlS- 

NMR (67.8 MHz, 000)3) (Rolamers) 8 208,9, 1 69,1 , 153.5, 151 ^'^^S-Q. 132 A 11 8.2^ «> 493 M- r 1 161 492 (M-. 
obsd rn/f? 492.2349. 

2S^f^(2>A^yloxyca^bonytammoH.5.dimethoxybenzoyl]-2-{fer^buty1dimethylsnytQxym 
4-(methoxycarbonylinethyt)-2,3-dihydropyrrole (39) 

Stirred at room temperature under a nitrogen atmospherG. After O.o hours the mix uro wa^ added to 

a coiuiion oi irieiiiyiuK f „ tr, n-r- anH trpated droDwise with a solution of the ketone 38 (2,0 

hours at room temperature, the mixture was cooled to 0 C and treatoa aropwi^e ROAc/Petroleum Ether) 

g, 4.07 mmol) in THF (36 mL) under nitrogen. After 16 hours at room temperature, TLC (20 /. EtOAc/Petroleum ttner) 
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revealed reaction completion The THF was evaporated in vacuo and the mixture partitloried between saturated 
NaHCOg (100 mL) and EtOAc (1 00 mL). The layers were separated and the aqueous layer extracted wtth EtOAc (2 X 
1 00 mL) The combined organic layers were washed with HjO (1 00 mL), brine (1 00 mL), dried (MgS04), filtered and 
concentrated ,n vacuoXo give a dark red oil. Purification by flash chromatography (15% EtOAc/Petroleum Ether) fur- 
nished the endo-ester39 as a golden oil (1.63 g. 73%): NMR (270 MHz, CDCIa) (Rotamers) 5 8.82 (brs, 1H), 7,86 
(s 1H) 679(3 1H) 6.46 {brs,'lH).6.03-5.89(m, 1H),5.39-5.32 (m,1H), 5,24(dd, 1H,J= 10.44,1.28 Hz), 4.70-4.59 
(nx 3H) 3 99-3,61 (m, 11 H), 3.08 (s. 2H), 2.91-2,82 (m, 1H). 2,75-2,66 (m, 1H), 0,92-0,79 (m, 9H), 0,12-0,03 (m, 
6H) NMR (67 8 MHz, CDCI3) {Rotamers) 5 170,7. 165,8, 153.5, 151.3, 143,7, 132,8, 132,5, 128,2, 118,1, 118,0, 
117 9 111 3 104 3 65 7 62 3, 59.5 and 59.4. 56.4, 56,0, 52.0, 34.7, 33.9, 25.8, 1 8.1 , -5.4; MS (El), /n/^ (relative 
intensity) 549 (M- +1,7). 548 17), 525 (13), 507 (1 4), 492 (6), 491 (18), 489 (8), 449 (7), 347 (11), 287 (6) 286 
(20), 285 (82), 265 (10), 264 (51), 263 (9), 244 (9), 242 (7). 228 (19), 227 (8), 226 (18), 224 (6), 223 (22), 220 (12) 
208 (6) 207 (18), 206 (100). 192 (7), 180 (18), 179 (21). 168 (16), 164 (10).152 (13), 150 (8), 141 (8), 140 (73), 139 
(13), 136 (6), 108 (6), 89 (9), 80 (15), 75 (15), 73 (19), 57 (6); exact mass calcd for C27H4oN208Si fn/e54B,2554, obsd 
m/e 548,2560 

(2S)-W-[(2-Allyloxycarbony»amino)-4,5-dimethoxyben2oyl]-2-(Tiydroxymethyl)-4-(methoxycarbonylmethyl)- 
2,3-dihydropyrrole (40). 

r0144] A solullon of lUe silyl ether 39 (1 .63 g, 2.97 mmol) in THF (12.6 mL) was treated with H^O (12.6 mL) and 
glacial acetic acid (3B mL), After 2 hours stirring at room temperature TLC (60% EtOAc/Petroleum Ether) showed the 
complete consumption of starting material. The mixture was cooled (ice) and treated dropwise with a solution of 
NaHCO. (61 6 g) in H^O (61 6 mL) The aqueous solution was extracted with EtOAc (3 X 150 mL) andthe combined 
organic layers were washed with H^O (150 mL), brine (1 00 mL), dried (MgSO^), filtered and concentrated ,n vacuolo 
give the crude alcohol 40 as an orange oil (1 ,27 g, 98%): MS (El), m/z (relative intensity) 435 (M- 1 1 , 6),434 (M 
23) 347 (5), 31 7 (4). 281 (6), 265 (8), 264 (44), 263 (8), 224 (5), 223 (24), 222 (5), 220 (9) 207 (15), 206 (94), 1 92 (6 , 
180(18),179(18), 172(12), 171 (100), 164 (12), 152 (7). 1 50 (7). 141 (6). 140 (53), 1 36 (9), 112 (11 ), 1 08 (6), 80 (1 2), 
69 (7); exact mass calcd for CgiHjgNaOa m/e 434,1 689, obsd m/e 434, 1606, 

(1 1 S,1 1 aS)-10-AI1ylt>xycBrbonvl-7,8-dimethoxy-11 -hydroxy-2-(methoxycarbonylmethyl)-1 ,1 0.1 1 ,1 1 a- 
tetrahydro-5/f pyrrolo[2,1-c][1 ,4]benzodiazepin-5-one (41) 

r01451 A solution of DMSO (0,75 mL, 0.82 g, 1 0.5 mmol) in CH2CI2 (22 mL) was added dropwise over 1 hour 20 
minutes to a solution of oxatyl chloride (2.63 mL of a 2.0 M solution in CH^Cb, 5.26 mmol) at -45°C (liq.Na/Chloroben- 
zene) under a nitrogen atmosphere. After stirring at -45"C for 1 h, a solution of the alcohol 40 (1 .27 g, 2.92 mmol) in 
CH,CU (22 mL) was added dropwise over 1 hour at -45°C, After BOminutes at -45"C, the mixture was treated dropwise 
with a solution of TEA (1.71 mL, 1.24 9, 12 29 mmol) in CH2CI2 (11 mL) over SOminutes at -45=C, After a further 
30minutes the reaction mixture was allowed to wann to room temperature and was diluted with CHsCIa (20 rnL) 
washed with IN HCI (100 mL), HjO (100 mL), brine (100 mL), dried (MgSO^, filtered and evaporated in vacuo. TLC 
(80% EtOAc/Petroleum Ether) of thecrude material revealed reaction completion. Purification by flash chromatogr^aphy 
(55% EtOAc/Pctroleum Ether) furnished the protected carbinolamine 41 as a white glass (0.68 g, 54%); [a] □ = 
+219 78 Mc = 0 12 CHCU); ^H NMR (270 MHz, COa^) 5 7.23 (s, 1H). 6.91 (s, 1H), 6.70 (s, 1H), 5,90-5.80 (m, 2H), 
5 17-5 13 (m 2H) 4 70 (dd. IN, J=-- 13 37. 5.31 Hz), 4 50-4.43 (m, 1H), 3 98-3.75 (m, BH), 3.71 (s. 3H), 3.20-3.05 (m. 
3H) 2 75 (d 1H J= 17 04 Hz); "C NMR (67,8 MHz. CDCI3) 6 170,7, 163,3, 155.9, 151 ,1 , 148 5, 131 ,7, 128.3, 126.2, 
124 7 118 1 1176 112 6 110.6. 86.0, 66,8. 59.4, 66,2, 52.1 , 37.0. 33.7; MS (El), m/Z (relative intensity) 434 (M- + 
2 6) 433 (M- + 1 21). 432 (M-, 74), 414 (8), 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 (100). 263 (33) 
248 (25) 224 (6). 223 (25). 220 (14), 209 (8), 208 (52), 207 (24), 206 (92), 192 (15), 191 (6), 190 (7), 180 (18), 1/9 
(23) 169 (23). 165 (10). 164 (17), 152 (12), 150 (14), 149 (8), 141 (9), 140 (50), 136 (11), 125 (6), 120 (5), 110 (8), 
108 (15), 81 (9), 80 (45), 57 (7); IR (CHCI3) 3385 (br), 2918. 2849. 1707. 1625, 1605, 1516, 1457, 1436, 1405, 1311 , 
1282, 1245, 1217, 1172, 1116, 1046, 1001 , 968, 933, 874, 855, 666 cm"''. 

(11aS)-7,8-Dimethoxy-2-{methoxycarbony!methyl)-1,2,3,11a-telrahydro-5H-pyrrolo[2,1-c][1 ,4]benzodiazepin- 
5-one (42, UP2065, AN-SJG) 

[0146] A catalytic amount of tGtrakis(triphenylphcsphinG)palladium (44.0 mg, 38.0 umol) was added to a stirred so- 
lution of the Alloc-protccted carbinolamine 41 (0 66 g. 1 .53 mmol), triphenylphosphine (20,0 mg, 77,0 ^mol) and pyr- 
rolidine (114 mg, 1 .60 mmol) in CHjClj (100 mL). Alter 2 hours stirring at room temperature under a nitrogen aimos- 
phere TLC (99% CHCUMeOH) revealed the complete consumption of starting materia! The solvent was evaporated 
in vacuo and the crude residue was purified by flash chromatography (98% CHCl3/MeOH) to afford the PBD (42, 
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N10-C11 imine torm (481 mg, 95%); [apc = +401^84 (c - 1 .00, ^"^'3). v ^ ^ j 

(CHCy 3329 (br), 3112. 2952. 2842, 1737, 1626. 1602, c h NO S 330 2 m/.330.1237^ 

1008. 875. 840, 786, 666. 620, 574. 537 cm-^; exact mass calcd for Ci7HiaN205 m/e J^u.i^ ou 
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Ex ample 1(f): Synthesis of KEC-570 (56. UP-2053) (seg _Rgure5) 
[0147] 




V. 3'-Bis(4-carboxy-2-methoxyphenoxy)pfopanc (43) 

[0148] A solution of dnodopropane (8.79 g. 29.7 mmol) in Mh [^kjh aaueous NaOH (225 mU 0.5 M) 

(100); HRMS: Calcd for C,9H2o08 - 376.1158 found 376.1168. 
1 ',3'-Bis(4-carboxy-2-methoxy-5-nitrophenoxy)propane (44) 

Uperalu,o o.er 12 h. The r»cl,o„ mMurc ««s poured on to '<=V™ "^'t ^^f ' /".Zso" d (1 73 o 70%) m,p 
„J,io„. washed w»h (3 X 60 mLI »hd dried ■» f =" ""^ " ("I' »^ V-,^vT>»'- H» H12). 

,C,0), 1595 ,C.C), ,570, ,5,5 ""^^ '"^ , <8). 378 (4), 268 (,). 255 (4). 236 

^55 '<5,. 44' o„,. h„ms .e„ ^od 

so Ci9HiaN20i2 -= 466.0860 lound 466.0871 . 

(2S,4f?)-/^(Benzoxycarbony1)-2-carb£>xy-4-hyclroxypyrrolidine(45) 

, . ,„,iof;mi fl7 7 mn in toluene (40 mL) was added lo a solution of ffans- 

[01 501 A solution of bc^nzyl chtoroformate (1 2 5 rnL, S^-' jnL) m^o^uon ( , ^ ^^^^^ ^ 

" r=o^r::'i::,';r„:3rh:r/,heTjo';\= 
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excesci solvpnt evaporated in vacuoto afford a colourless viscous oil (20.30g, 100%), ^2^0= " 565° (c0.1 , MeOH). H 
NMR (CDCIa)- 5 2 07-2.31 (m, 3H. H1), 3.52 3,59 (m, 2H, H3), 4.43-4.53 (m, 2H, H2, H11a),5.8 and5.11 (s, 2H, minor 
and major rotamers of H6, 1:2). 6.0 (bs. 2H. OH), 7.26-7.29 and 7.32-7.34 (m, 5H. mlno. and major rotamers of H 
arom, 1:2). IR (thin film): v = 3414 (OH). 2940 (OH), 1682 (C=0), 1495. 1429, 1359 (CO^ ), 1314, 1269 1205 1180 
5 1174 1127 1082 1051 993. 914. 866. 826, 769, 741. 697 cm-r MS (El): nVe (relative intensity): 266 1). 265 
(6), 220 (5), 176 (15), 130 (34), 108 (2). 91 (100), 86 (4), 68 (11). HRMS calcd. for C13H15NO5 = 265.0950 found 
265.0976 

(2S,4R)-Af-(Benzoxycarbonyl)-2-methyoxycarbonyl-4-hydroxyproline (46) 

[0151] A solution of {2S,4R)-W-(Ben70xycarbonyl)-2-carboxy-4-hydroxypyrrolldine (45) (20.30 g, 76,3 mmol) in dry 
methanol (300 mL) was heated at reflux for 18 hours in the presence of a catalytic amount of cone. H2SO4 (2.20 mL, 
7 63 mmol). The reaction mixture was allowed to cool to room temperature and neutralised with EX^N (3.0 mL, 76.3 
mmol) The reaction mixture was concentrated in vacuoand the residue redissotved in ethyl acetate (200 mL), washed 

75 with bnne (1 x 50 mL). dried (MgS04} and excess solvent removed under reduced pressure to afford a colourless gijm 
l/g 99%) N20^=-59.4" (cO.OM.CHCy.iH NMR (CDCta): 6 2,04-2.08 and 2.24-2.35(m,1H, rotamers Of HI, 
VI) 2 64 (bs 1H OH) 3 54 and 3.74 (s, 3H, rotamers of OMe, 1:1). 3.66-3.69 (m. 2H. H3), 4.47-4.50 (m, 2H, H2, 
H11a) 5 07-5'l3(m,2H, H6), 7.26-7.35 (m, 5H, H arom). ^SCNMR (CDCI3): roiamer ratio 1 :1, 5 37.8 and 38,5 rotamers 
of <C1) 51 8 and 52.0 rotamers of (OMe). 54.1 and 54.7 rotamers of (C3), 57.4 and 57,7 rotamers of (C2), 66.9 and 

20 67 0 rotamers of (C6), 68,6 and 69.3 rotamers of (C11a), 127,0. 127.3, 127.4, 127.7, 127.8, 128.0 and 128.1 rotamers 
of (Carom). IR (thin film): v == 3435 (OH), 3033, 2953 (OH). 1750 ( ester), 1680 (C=0), 1586, 1542, 1498, 1422, 1357 
(CO H) 1170 1124 1084 1052 (C-O), 1 004. 963. 916. 823, 770, 750, 699, 673 cm"-". MS (FAB) m/z (relative intensity): 
260 (M-, 24).'236 (20), 234 (4). 21 6 (8), 214 (4). 213 (2). 206 (2), 204 (7), 203 (4). 202 (10), 201 (2), 181 (5). 144 (16), 
102 (23), 91 (100). HRMScalcd.forCi4Hi7N05 = 279.1107found279,1192 

25 

(2S,4/7)-W-(Benzoxycarbonyl)-2-hydroxymethyl-4-hydroxyproline (47) 

r0152] Lithium borohydride (1 .57 g, 73 mmol) was added porttonwise to a solution of (2S,4R)-N-(ben70xycarbonyl)- 
2-methyoxycarbonyl-4-hydroxyproline (46) (20 17 g, 73 mmol) in THF (350 mL) at 0"C. The reaction rriixture was 
allowed to warm to room temperature and stir overnight. The resulting suspension was cooled to 0"C and quenched 
with water (2-3 mL) until effervescence ceased, at which point 2 M MCI (15 mL) was added to dissolve the precipitate. 
The product was extracted with ethyl acetate (3 x 150 mL) and the combined organic phases washed with britie (1 x 
100 mL) and then dried (MqS04), Concentration in vacuo afforded a white gum (18,25 g. 100%), [af^^o - J^^jf 
= 0 043, CHC13), m NMR (CDC!,) : 5 1,24-1 26 (m, 1H, HI), 1.73-2,08 (m, 1H, H1), 3 40;4-3f^^(n^ 6H "2 1^^^ H11. 
H11a) 5 06(bs IN OH). 5.09 (s. 2H, H6) 7,25-7,31 (m, 5H, H arom), i3c NMR (CDCI3): S 36.7 (CI). 55.2 (C3), 58,7 
(C2) 65 0 (011) 67 0 (C6). 68.7 (Clla), 127.0, 127.5 (C arom). 127,8 (C arom), 128 2 (C arom), IR (thin film): v = 
3390 (OH). 3065. 3033, 2953 (OH), 1681 (C=0 cart)amate). 1586. 1538. 1498, 1454, 1192, ^^^^ 978, 91 < 862, 770 
698. 673 cm- \ MS (FAB) m/z (relative intensity): 252 (M-, 58). 208 (33), 176 (5), 144 (6). 118 (8), 116 (7). 92 (13), 
91 (100), HRMS calcd. for Ci3Hi7N04 = 251.1158 found 251 .1 230. 

{2S,4ff)-A^Benzoxycarbonyl-2-f-butyldimethylsilyloxyntiethyl-4-hydroxypyrroiidine{48) 

[01531 f-butyldimethyisilyl chloride (5.78 9, 383 mmol) and 1 ,8-diazabicyclol5,4,01undec-7-ene (1 ,44 mL, 9-6 

were added to a solution of alcohol (47) (12. 51 g, 49,8 mmol) and triethylamine (7,0 mL, 49.8 mmol) in dry DCM 200 

45 mL) which had been allowed to stir for 1 Sminutes at room temperature. The resuUing mixture was allowed to stir at 
room temperature for 18 hours and then diluted with ethyl acetate (300 mL) The organic phase was washed with 
aqueous saturated ammonium chloride (2 x 100 mL) and brine (1 x 100 mL) dried (MgSO,) and Ihe solvent removed 
under reduced pressure to yield a colourless viscous oil (9.84 g, 70%), {a^^ -263° (c0.70, CHCI3). JH NMR 
(CDCU) • 3 -0 05 and -0 06(s, 6H, rotamers of HV, H2', 1:1). 0 83 and 0 85 (s, 9H, rotamers of H3', H5', H6^ 1.1 , 

50 1 95-2 22 (m, 2H, H1,),2.78 (bs, 1H, OH). 3.44-3.68 (m, 3H, H3, H11), 3.99-4.10 (m, 1H, H2), ^ ^^ "^■^^^'^'l'^;^^^^^^^: 
5 11-5 16 (m 2H H6) 7.34-7.35 (m, 5H. H arom) i^C NMR (CDCI3): rotamer ratio of 1 1 , S 5.50 (C3', C5 , Cb ), i b.i b 

(C4') 25 83 (01 ■, C2'), 36 55 and 37.27 rotamers of (C1), 55.2 and 55.7 rotamers of (C3), 57,3 and 57.S rotamers of 
(02) 62 8 and 63,9 rotamers of (C11), 66,S and 67,0 rotamers of (C6), 69,7 and 70.3 rotamers of 127 8 (C 

arom) 127.9 (C arom), 12B.0 (C arom), 128 4 (C arom), 128.5 (C arom), 136.5 and 136.8 rotamers of (C7)^ ^S4.Q 
55 and 155.2 rotamers of (C5). IR (thin film): v 3415 (OH), 3066, 3034, 2953 (OH), 2930, 2B84, 2857, 1703 C^O 
carbamate). 1587, 1498, 1424, 1360(C-CH3), 1288 (CH3Si). 1255 (f-Bu). 1 220, 1195 ('"Bu). 111 8 (S'-O 105^ J003, 
917. 836, 774, 751 , 698, 670 cm" 1. MS (EI/CI) m/e (relative intensity): 366 (M*". 100), 308 (1 4), 258 (2). 91 (2), 
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(2SAn)-2 .f-butyldimethylsily»oxymethyl-4^hydroxypyrrolidine (2) 
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^j;£>,^n;-^ ^y^' r-- ' ' 

,01S4, A s,u.. Of 10. P.C .90 in e.y. ^^wt^X-t?^^^^^^^^^^^^^^ 

5.19 mmol) in ethanol (100 nnL). ^^-J-^l'l"^^^^^^^^^ reduced pressure to give . 

removed by vacuum tiltrat.on through CeWe and excess solvcn P ^ -(0.07-0.08) (tr., 

yellow oil in quanttetive yield (1 .20 g. 100%). V^f^^u ^"g^Til (m 2H H11), 3.47-3.50 (rr,, 3H, H11a, H3), 

6H.H1^H2■).0.82(s,9H,H3^H4^H5VJ^68-1.73(m 2H^^^^^^^^^ )^ (c^ 25 8 (Cr, 

4.09 (bs, 1H, NH or OH), 4,32 (bs, 1H, or OH)^3C NMR CD^^^^^^^^ ^^^^^ ^ ^421, 

232 (M-, 100), 230 (13), 174 (5), 133 (6), 86 (6). 

1 1 ..rt(Propane-1 ,3-diy.)dioxylbis[2-nitro-5-methoxy-1 4-phenylene)carbony!]l-Ws[<2S,4fl)-2-r- 
butylcJimethylsilylo«ymethyl-4-hydroxypyrrolidir,e (49) 

„H^^r^ fn stirred suspension o1 bis-nitroacid (44) (2.00 g, 4.28 
[01551 A caialytic arr^ount of DMF (2 drops) was ^^^f LY^^^'^^^^'^^^'^,^ .^^.tion mixture was allowed to stirfor 
Lol) and oxalyl chloride (0.94 mL, 10 70 --^'^ ^/^^L^an ve"o^ -^^ue^^ dissolved in dry THF (20 mL) and 
4 h. After evaporation of excess THF ,n vac^o, the '^^^^J^" y^J^^^^'^^^^^, ,^i,e (2) (2.47 g, 10.70 mmol), EX^U 
added dropwise over a period of 25mmulos to a 7^'^^^;:;' was hen allowed to warm to roonn 
(2.50 r..L, 17,9 mmol) and ice/water (0.6 mL) 7° f ''^^^^'^^^^^^^^^ residue was diluted with water 

temperature for a further 1 5 h. After removal ^l^^^^.'^^'^ ^^^^./ganic phase was washed with water (3 x 25 
(100 mL) and extracted with ethyl acetate (3 x 100 mL . ^h^ co^bmed P ^^s purified 

L) and brine (3 x 25 mL), dried (MgSO TjthrbTsTrde "a yellow soL (2.05g, 54%). [ap.e^ . - 

by ilash chromatography (3% ^^-OH/CHCl3) to afford the b s^am,de (49) y ^ 

993° (C0.033. CHCI3). NMR (CDCy: 8 "O^OS (^'^f "^^'^^^ ^s-S 19 (m;4H. H11), 3.63-3.66 (m, 4H, H3), 
2.14-2.16(m, 2H, H1), 2.19-2.24 (m, 2H, H13), 2 85-2.89 ("T' 3-^%='^^ ^ ^ 5 20-5.25 (m, 2H, H11a), 
3.81 (s, 6H, OMe), 3.99-4.10 (m, 2H ^^^^'^^ ^f. "^.^^l Z^A'), 25.8 CS", CS', C6'). 28.9 (C13), 
6 B5 (s, 2H, H6),7.55 (s, 2H. H9). ''^fj^^^^^'^^;::^^ '^^^^^^ (C9), 128.. (O), 137.2 (Q). 

36.1 (CI), 54.9 (CH30),56.6 (C4). 57 3 ^^12^^65 ° ,1°^ ^^^^^ ^35^6 1 623 (C^O), 1 577 (C arom), 1524 

148.1 (Q), 1485(Q), 154.5 (O), 'f '^^^^ ^'J''^^^^^^^ 1075 1053, 1004, 938. 914, 837 

(NOp). 1459. 1432, 1381. 1338 (C-CH3). 1278 (CH3-S.) 121 9 (T HU). K r ^^^^ 

778 724. 668, 649, cm V MS (FAB) miz (relative intensity) : 894 (M ^8)^ 893 (19), ( ), 
517 (3), 459 (5), 258 (7), 100 (3), 86 (4), 75 (29), 73 (100), 59 (17), 58 (6). 

11H[(Propane.1,3-diyOdioxy]bis[2-amino.5-methoxy-1,4-pheny.ene)carbor,yll]-bis[(2S,4«)-^^ 
butyldimethylsilyloxymethyl-4-hydroxypyrrolidine (50) 

,01sei A slur^ 01 1 0% Pd.C (155 mg) i. ethyl (2-L)^w^^^^^^^^ 

q 1 .73 mmol) in ethanol (1 00 mL). The reaction mixture '"^I'^jfj^T'^f^^^^^ to give a yellow oil (50) in 

fixture was fitered through Celite and th. solvent was --^^^ ""^^^ h2-) 0 SS^ I^H, H3', H5', H6'), 2.00-2.25 
quantitative yield (1 ,44 9. 100%). NMR (CDC 3 . 5 0^00 (s, 12H, H1 H2 > ° ^ H3), 4.30-4.35 (m, 

?m 6H, H1, H13), 3.50-3.72 (m, 12H, H2, H3 H11. H11a), "4 ^^^^ , ,3 5 C2-), 18.1 (C4'), 25.8 

4H H12), 4.49 (bs, 2H, OH); 6.23 (s, 2H, H9), 6.64 (s, 21H, H6) ^ J^^^i^^^^^ ^ (C9), 112.6 (C6), 140.4 (Q), 

Jc3-, Cs'ce,, 29 6 (C13), 35 2 (CI), 56^7 (CH3O) 62^ (C4 , 64^ (C3W^^ ^^ f ^ j;^^^ ,,33^ ,,06, 

41.1 (Q), 150.6 (Q), 170.1 (Q), IR (neat): f f ',^f/ ',056 006. 866, 835, 776 cm ^. MS (FAB) m/z 

;,rl:?::is™^'a3;x.tl37^,%^3^;,'ei';^ 3. ,3.,, ... ..e ,,3,. 

166 (44). 150 (8). 100 (10), 73 (100). 

,V-tt,Prop.no.1.3.ai,,,.,oxy,.,.[2..n,,.o-«.,^,o„c„.o„,,.5.^ 
4'R)-2-rt»lyldi™ihyl.ilyloxyi™,thvlJthv*o»v-py'"'l'=l'"»l=^l 

[01571 Aso.u,io„ol,hoM«midM50)e.76g,3.31,^,™l)«^™a^ 

i„L) JascocKd 10 O-C, Ally. chloro.ormM. (0 80 ^3 irnnol) ,n DCMJBC^^^^^^ ^.^^ ^^^^ 
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H3'. H5-. H6-), 2.03-2.36 (m, 6H. H1. H13), 3.51 -3 BB (n.^ H2, H3), 3 77 6H, ^^^f ^^^^^.'^f ^ ."^^^ 
4 28-4 30 (m 2H, H11a). 4.56-4.60 (m, 6H, HS". OH), 5.25 (dd. J,,,^- 1 .5 H^. ^if^f ^^/'^^^^^ ^25 8 (C3 S' 
uQM R 7- - PH HG^ 7 63 (s 2H H9) 8 80 (s. 2H. NH). NMR CDCb): 5 -5.42 (CI ..2 ), 25 8 (C3 C5 

(f-Bu). 1106 (f-Bu). 1053, 1015. 936. 872, 837, 775. 629. cm'V 

1 ,V-n(Propane.1 ,3-diyOdioxy]bis[2-amino.N-any1oxycarbonyl^^^ 
2-t-tautyidimethytsilyloxymethyl-4-o)(o-pyrrolidlne (52) 

10158] A solution of dimot.y, sulphoxide (2.10 mL, 28.5 mmo.) in ^^^^^^"^ ^^'J^i^;:^^^^^^^^^ 

temperature over 45minutes The mixture was then washed with 1 M CUSO4 (3 x >til j w v ; 
1 X 50 mL) before during (MgSO,) and concentrating in v.cuoXo give (52) as a ya^ow sojd (2^46g 97/o^, H NMR 

;r.£o^v?o^£V;<^-%: ^^^^ ,io. ,3s., .ch, s„, ,a„4 „- 

2S Bu), 1105 (f-Bu), 1053, 1010, 937, 870, 837, 808. 778, 674, 657 cm" , 

11.[[(Prop.ne-1,3-divl)dioxy]bis[2-amino.,^a.,yloxycarbony,-5-methoxy-1,4.phony^^ 
2-t.bT.lyldimethylsily!oxymethyi-4-methoxycarbonyl methyl-2,3-d.hydropyrrole (53) 

solid (2,00 I 88%). NMR (CDCI3) : 5 -0.O1 (S, 12H, HV, H2'), a83 (s, i8H, H3 H5 ^ H6 )^2^5 2^40 m , h 
2.65-LB6(m,4H,H1),3.03-3 09(rn4H^H14)^3W^^ 

(39), 57 (53), 

1V-ri{Propane-1,3-diy.)dioxylbis[2-amino-A^anyloxycarbonyl-5-methoxy.1.4-phenylene)-carbor,yl]]-bis[(2 
2-hydroxyinethy!-4-mcthoxycarbonylmethyt-2,3-dihydropyrrole (54) 

in THF (10 mL) under a nitrogen atmosphere at 0 C. The reaction was aiiowe evoiulion of CO^ 
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5.96-6.02 (m, 2H. H9'), 6.39-6 50 (m, 2H, H3), 6.80 2H;^"6). 7 J2 J 2HI, "|)^ (cs') 105 6 (C9). 111 8 (C6), 118 1 
6 28.8 {C13), 33.5 (C14), 35 5 (C1), 52.1 (CHaO^SSe (C16) f^'^ ^^^f /(S) IR Tneat : v= 3416 OH), 2953, 
{C10-). 128.1 (C3), 132.5 (C9'), 144,4 (Q), 151 .0 ^^^ f^^^!^]''^^^^^^^ 768 cm-. MS (FAB) 

1731 (ester), 1726 (Ailoc C=0), 1606, 1^25 (C arom) 1467^1434 13^^^^ ^ ^ 

:e'r(;rBT(r9ri?s:2%,T;2S 

(24). 80 (70)^73 (2B). 57 (30), 

2;ldihydropyrroie-lIl1a.trihyar.-5H-pyrrolol2,1.cni,4lbezod.azepin.5^^ 

,01611 A so>ut.n of dimethyl su,phox,de (0.27 mL, 3.B2 mmoi) In cjied DCM (10 --f^^^.^^.^ 
ISminutes period to a stirred, cooled (-45"C) solunon of V' chlor^ie ^ ZZlp^s^e over a period of 

35r.,nut.s, a solution of substrate (54) (600 mg. O^^/^^'^^ "^^^^^ 78 mL. 5.42 mmol) ,n DCM 

15minutos to the reaction mixture at -45''C. After 45n^nutes ^ solution of t"^ hy>.m^^ ^ ^^^^^^ 

(1 0 mL) w«s added over a period o, 1 Sminutes and -^^"'^^^/^ J;^^^^^^^^^^ water (1 0 mL) and the layers 

anowed to warm to room temperature over ^ 37,2l) a" ^ mL) befole dryin. (MgSO,) and 

separated. The organic layer was washed with 1 MHCI 3x 50 rnL)^a^^^ ^^^^^^ 

concentrating in vacuo. Flash column ^^--^^^P^f ^ (I 4H. H1), 3.14-3 19(r., 4H, 

[„p.3^= .69" (c 0 484, CtiCy. NMR (^^^C 3)^ ^^^f ^"^^f ^7„f J' "^^^^^ 2H H11a), 4.60:4.62 (m, 4H, HS"), 

m4), 3.71 (s, 3H, owe), 3.88 (s, 6H, "^«>' ^ ^1-4.40 (m, 4K ";2^\^^^|^'-'h'J;^'^;5.6.9o (m, 2H. H3), 6.89 (s. 2H, 
5 26-5.30 (m, 4H, H10'), 5.77 (d, J= 8.61 Hz, 4H, H11) ^ f ^^^f (m^ 2H_H9 )_^. V 

H9). 7.22 (S, 2H. H6). NMR (CDCy 5 28.8 (CI 3) 3^ 4 4 (Q) 1 ^1 ^^^^^^ (oV 167 3 (Q), 

66 0 (C8-), 105.6 (C9), 111.8 (C6), 118.1 (d^ 128. (^3) ^a^^^fl®^: 7;^; "^^A-Z^ , 1362. 1273, 1223, 1092, 902, 
170.7 (Q). IB (n.at): v = 3583, 3412 (OH), 1730 (ester). 1713 (AHoc C-0)^^^44. ^-^^ ^ ^18 (13), 206 (23). 

11.-U(PropeneO.3-d.y0dloxylb.s„..aS)-7-metHoxy.2S,-2-^^^^^^^^^^ 
1 ,3.11a-trihydro.5H-pyrrolo[2,1-c][1 ,41bezodiazepin-5-one (56) 

101621 A catalyse amount of 1etraKis,ripheny.phosphinepaJadlum(0) (16 mg, O.o^ 

of carbinolamme (55) (219 mg, 0.25 mmol), triphenylphospnine ^'"yf'.'. aHovved to warm to room 
mmol) in dry DCM (30 mL) at 0^0, The reaction mixture was J'^f^^" /^f^^n^^j^',,,^ to flash column chromatog- 
temperature over 1 h. The solvent was removed >n J^^^^f ^g^^. " J^.f ^500= (c 0,043, CHCI3). NMR 

raphy (2% MeOH/CH,Cl,, R, ^ 0 25 ) to y.eld a yellow giass ( 09 mg, 66 o ^ ^ 3^ 

(CDCI3): 5 2.17 2.42 (m, 2H, H13), ^^32 ^/j^' "\ 7 47',s 2H H6) 7 83 (d, J = 4 0 H., 4H, H11). ^^C NMR 
6H, H12, H11a),6.84 (s, 2H, H9), 6.92-7.06 (m, 2K H3), .^H, H6) /^^^^^ 

(CDCI3): 6 28,7 (C13), 33.6 (C14), 37.4 l^^)' f ' 6 C1 1 a) 170 ^^^^ = 3583, 3^94; 2997, 2950. 

26.5 (C3), 140.2 (Q), 148.0 (Q),151 .0 (Q), 161 ^^^.Jf Si 1332^^^^^ 1245 1197, 1152. 1068, 995. 963, 

1736 (ester), 1717 (Alloc CO), 1628. 1596, ''''^ ''^f^'^} 20^7), 185 (55). 181 (7). 110 (5). 
914 842, 753 cm" FABMS m/z (relative intensity): 673 (M^ , 2), 279 (B), 1 W. V h 
93 (100),' 91 (24), 75 (28), 73 (20), 61 (12), 57 (33). 
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Example 1(g) : Synthesis of {11aS)-1,11a-dihydro-7,8-dimethoxy'2 - ethenvl-5H-pyrroio[2,1-c][1,4] 
benzodlazepin-S-one (See Figures 6a/b) 

[0163] 

5 



MeO 

10 

MeO 



15 

DRH360 /V-(4,5-dimethoxy-2-nitrobenzoyl)hydroxyproline methyl ester (169) 

[0164] Oxalyl chloride (15.38 g, 121 ,11 mmol) was added in one portion to a stirred suspension of 2-nitro-4,5-dinr>eth- 
oxyben/oic acid (34) (25.01 110.10 mrnol) in anhydrous DCM (100 mL) al room temperature, A catalytic amount of 

^0 DMF (2 drops) was added (CARE! - increased gas evolution) and the reaction mixture was allowed to stir for 16 hours 
under an inert atmosphere. The acid chloride solution was added dropwise to a vigorously stirred solution of the pyrroio 
C-rmg (168) (34.90 g, 110.10 mmoE, JOC 5, 13, 1994, 3621) and TEA (45.95 mL, 33.36 g, 330,29 mrnol) In anhydrous 
DCM (100 mL) at -20° C. The reaction mixture was allowed to stir for 16 hours at room temperature. The reaction 
mixture was washed with saturated NaHCO^ (2 x 200 mL), saturated NH4Ci (2 x 200 mL), water (2 x 200 mL). brine 

^5 (2 x 200 mL) and dried over anhydrous MgS04. Fittra^ion and evaporation of the solvent in vacuo afforded the crude 
product (169), which was purrfied by flash column chromatography using EtOAc as eluent. Pure fractions were com- 
bined and evaporation of excess eluent in vacuo afforded the product as a foam (33.26 g, 93.9 mmoL 85%). ''H NMR 
(270 MHz, CDCI3) d 7,69 (s, 1H). 6 87 (s, 1 H), 5 31 (s, 2H), 4.97-4.82 (m, 1H), 4.44 (br s, 1H), 3.99 (s, 3H), 3.98 (s, 
3H), 3.81 (s, 3H), 3.64-3.48 (m. 1H), 3.18 (d. 1 J - 2.02 H7), 2 B7 (br 1 H), 2.45 2.16 (m, 2H); ""^C NMR (67 8 MHz, 

30 CDCIa) d 172.6, 172.5. 167.5, 166.8. 154.4. 154.0. 149.3, 137.5, 137.4. 127.0, 126.2, 109.5, 107.2, 107.1 . 69.9, 69.1. 
59.2, 57.4, 56.9, 56.8, 56.6, 56.4. 54.6, 53.5, 52.5, 52.4, 39.4, 38.0. 

(1 1 aS)-6,7-drmethoxy 2(/?)-hvdroxy'2 ,3,5,10,11 ,11 a-hexahydro-5,1 1 -dioxo-1 H-pyrrolo[2,1-c][1 ,4 ] 
benzodiazepine (170) 

35 

[0165] 10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33.0 g, 93.1 mrnol) In absolute EtOH (250 mL). 
The reaction mixture was hydrogenated under pressure using a Parr hydrogenator at 55 psi H2 for 18 h. The reaction 
mixture was filtered through celite, and the ceUte washed with hot MeOH, taking care not to allow the filter cake to dry 

out. Removal of excess solvent afforded the crude product (20.14 g). The crude product was allowed to stir in 1 N HCI 
-^0 (200 mL) and CHCI3 (200 mL) for 30 minutes. The organic layer was washed with 1 N HCI (1 00 mL) and the aqueous 
layers were combined and neutralised with saturated aqueous NaHCOg. On leaving the aqueous extract overnight, a 
fire while precipitate formed (170) which was coflected by filtration and dried (7.81 g. 26.72 mmoL 29 %). ^H NMR 
(270 MHz, CDCI3) d 10.06 {&, 1H, NH), 7.61 (s, 1H, ArH), 7.36 (s, 1H. ArH), 4.49-4.41 (m, 1H, 2), 4,22-4.17 (m, 1H. 
11a), 3 88 (s, 6H), 3.82-3.55 (m. 2H, 3), 3,20 (br 1H, OH), 2.8/ 2.77 (m, 1H, 1), 2.10-2,05 (m, 1H, 1); ^^C NMR 
45 (CDCyd 170,2, 165.9. 152.0, 145.7, 130,7. 118.2, 111,9, 104,2, 68.1, 56.0, 55.6, 54.2, 34.6, 18.8. 

(11aS)-6,7-dtmethoxy-2(i=?)-[( ferf-butyldinnethylsilyl)oxy]-2,3.5,1 0,1 1 ,1 1 a-hexahydro-5,1 1 -dioxo-l /Y-py rrolo 

[2j1-c][1 j4-3benzodiazepme (171) 

50 [0166] Solid TBDMS Chloride (8.22 g, 54,44 mrnol) was added in one portion to a solution of 170 (7.23 24.74 
mrnol) and imidazole (8.42 g, 123.72 mrnol) ir> anhydrous DMF (75 mL) and allowed to stir at room temperature for 16 

h.The reaction mixture was poured into water (500 mL) and tittered to afford the crude product (171), which was purified 
by recrystaitisatfon from EtOH (BOO mL) as fine while needles (6.995 g, 17.21 mmoL 70 7o). iH NMR (270 MHz, CDCy 
5 10.06 (s, IN. NH). 7.37 (s, 1H, ArH), 6.68 (s. 1 H, ArH), 4,19-4.14 (m, 1H. 2), 4 06^4.01 (m, 1H, 11a), 3.90 {s, 3H, 
55 OMe), 3.88 (s^ 3H, OMe), 3,69-3.83 (m, 2H, 3), 2.85-2.80 (m, 1 H, 1), 2.05-2,01 (m. 1H, 1 ), ^^C NMR (67.8 MHz, CDCta) 
S 170.4, 170,2, 165.9. 152,1, 145.8, 145.6, 131,1, 130,7, 118.1 , 111.9, 104.3, 104.1, 69.2, 69,1, 56,0, 55.9, 55.7, 54.3, 
54,0, 35.0, 25,8, 25,7, 25.6, 17 9, ^3.0, -3.5, ^4.9, -5.0. 
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(11aS)-6,7-dimethoxy-2(A^)-r(fe^^butyldimethylsilyl)oxy]-2.3,5,1 0.1 1 ,1 1a-hexahydro-1 0-[2-(trimethy»silyl) 
ethoxymethyt]-5,1 1-dioxo-1 H-pyrroloI2,1 -c][1 ,4-]taenzodiazepine (172) 

r0167] A solution of 171 (5.50 g. 15.99 mmol) in anhydrous DMF (27.5 mL) was added dropwise to a stirred suspen- 
sion of NaH (0 422 g. 0.704 g of a 60 % dispersion in mineral oil 18.34 mmol) at 0"C and the reaclion mixture was 
allowed to stirfor 30 minutes, A solution of SEM chloride (3.11 mL, 2.93 g, 17.59 mmol) in anhydrous DMF (5 mL) was 
added dropwise to the stirred reaction mixture at O'C and allowed to stir at room temperature for 16 h. The reaction 
mixture was poured into water (200 mL) to afford a white precipitate, which was extracted with diethyl ether (4 x 300 
mL) The orqanic layer was washed with water (2 x 50 mL). brine (2 x 50 mL) and dried over anhydrous M9SO4 
Filtration and evaporation of the solvent in vacuo afforded the crude product, which was purified by flash column chro- 
matography using an 80:20 mixture of petroleum ether:EtOAc as eluent. Pure fractions werecombined and evaporated 
in vJuo to afford the product (172) as a yellow oil (7.01 g, 13.1 mmol, 82 %). NMR (270 MHz, CDCI3) o /,35 (s, 
1H ArH) 724 (s 1H ArH), 5.52 (d. 2H. J = 9.89 Hz. SEM amino acetal CH^). 4.65 (d, 2H, J= 9.90 Hx, SEI^fl ammo 
acetal CH,), 4.61 -4,56 (m, 1H, 2), 4,23 (dd. 1 H, J =4.40 Hz, 3.24 Hz, 11a), 3.94 (s, 3H OMe)^3^92 (s^ 3H, OMe)^ 3^6B 
(m, 4H. SEM r CM, . 3).. 2.86 (m, 1H. 1), 2.02 (m. 1H, 1), 0.98 (t, 2H, J= 8.25 Hz, StM 2^^^^,), 0^8 (s. 9H, f BDMS 
t-Bu CH,) 0 1 0 (s, Ih. 2 X TBDMS SiCHa). 0,03 {s, 9H, 3 X SEM SiCHg); ^^C NMR (67.8 MHz, CUCI3) b 1 70.0, 165,6, 
151.8, 147.1, 133.9, 121.5, 111.2, 105.5, 78.1, 69.6, 67.0, 56.5, 56,2, 56,1, 53.6, 35.5, 25.7, 18.4, -1.3, -4.8. 

(11aS)-6,7-dimethoxy-2{B)-hydroxy-2,3,5,10,11,11a-hexahydro-10-[2-(trlmethylsilyl)ethoxymrthyl]-5,11-dioxo- 
1 H-pyrro1oI2,1-c][1,4-]benzodiazeptne (173) 

[0168] A solution of 1 N TBAF in THF (1 9.58 mL. 19.58 mmol) was added to a stirred solution of 172 (7,0 9, ia05 
mmol) in THF (50 mL). The reaction mixture was allowed to stir at room temperature for 2 hours and diluted with DCM 
(200 mL) washed with water (2 x 200 mL), brine (2 x 200 mL) and dried over anhydrous MgSO,, Filtration and removal 
of excess solvent afforded the cmde product, which was purified by flash column 'Chromatography using 50:50 pe ro^ 
leum Gther EtOAc as etuent. Evaporation in vacuo of the pure fractions afforded the product (173) (5.9 g), H NMR 
(270 MHZ. CDCI3) 8 7.30 (s. IH, ArH), 7.24 (s, IH, ArH), 5.52 (d, IH, 9,9 Hz, SEM amino acetal CfH^), 4.68-4.64 
m. 2H, SEM amfno aceta! CH, 2), 4.30 (dd, 1 H, J= 5.86, 8 24 Hz), 3.91 (s, 3H, OMe), 3.90 (s^ ^^ OMe), 3.87-3^5 
m 4H SEM V CH. . 3), 2.95 (dt. 1H. J= 5.31. 13.56 Hz, 1). 2.17-2.0B (m. IH, y). 1 .02-0.93 (m, 2H, SEM 2 CH,), 
0.03 (s. 9H, 3 X SiCH3); 1^0 NMR (67,8 f^Hz. CDCI3) 5 1 69.7. 165.9, 151.9. 147.1, 134.0, 121.1, 111.2. 105.5, 78.2, 
69.1, 67.1 .56.5. 56.1, 53.9. 34.9, 18.4, -1.3. 

(11aS)-6,7-dimethoxy-2,3,5,10,11,11a-hexahydro-10-l2-(trimethylsilyl)ethoxymethyll-2,5,11-trioxo-1H-pyrrolo 
[2,1-cl[1 ,4-)benzodiazepine (174) 

10169] Anhydrous DMSO (3,28 g. 41 .94 mmol) in dry DCM (20 mL) was added dropwise over 5 minutes to a stirred 
solution of oxalyl chloride (10,48 mL of a 2 N solution in DCM, 20.97 mmol) under a nitrogen ™Phere at -50 C. 
AfSer stirring for Sminutess, a solution 173 (5.90 9, 13.98 mmol), in dry DCM (45 mL) ^f^^^^^^A^^^^/^P^'^^^^^ 
45minutesutes to the reaction mixture, which was then stirred for a further 45minutesuteE at -50 C. TEA (9.89 g, 97.87 
mmo!) was added dropwise to the mixture over 15 minutes followed by stirring for a '^"^^^f J^,^'"^'^''^-^^^ . . 

r017O1 The reaction mixture was left to warm to room temperature, diluted with Hp (1 50 mL) and DCM (100 mL). 
Vhe organic phase was washed with 1 N HCI (2 x 100 mL), water (2 x 100 mL), brine (2 x 100 mL) and dried over 
MgSO^ Filtration and evaporation afforded the crude product (174). which was purified by Hash column chromatog- 
raphy using 50:50 petroleum ether {40 60<'):EtOAc as eluent. Evaporation of the pure fractions in vacuo afforded the 
product (4.33 g. 10.3 mmol, 74%). 1H NMR (270 MHz, CDCI3) 5 7,30 (s, IH, ArH), 7.24 (S, IH, ArH), ^^^O (d IH, J = 
9 89 HZ. SEM amino acetal CH^), 4.59 (d, IH, J= 9.B9 Hz, SEM amino acetal CH^), 4.62 (dd, IH. J=: 9.89, 3^12 Hz 
11a) 4 26-4 19 (m, IH. 3). 3.95 (s, 3H, OMe), 3.94 (s, 3H, OMe), 3.81-3.49 (m, 4H, SEM 1' CHj , 1 + 3), 2.82-271 
Jm 1H 1). 0.95 (1. 2H. J = 2.01 Hz, SEM 2' Ct;,), -0.04 (s, 9H, SEM CH3); ^^C NMR (67.8 MHz, CDCI3) 6 206.8, 168.8, 
165.9, 152.4, 147.5, 134.0, 120.4. 111,1, 105,6,78.2,67.2,56.2, 54.8,52.3,37,3, 18.3, -1.3. 

(1 1 aS)-5,1 0,1 1 ,1 1 a-tetKihydro-7,8-dimethoxy-1 0.[2-{trimethylsilyl) ethoxymcthyll-2-[[(trif luoromethyl) 
sulphony1]oxy]-5,1 1-dioxo-1 H-pyrrolo[2,1 -c)[1 ,4]benzodlazepine (1 75) 

r0171] Anhydrous pyridine (0.46 mL. 0 452 q, 5,73 mmol) was added in one portion to a vigorously stirred solution 
of 174 (2 0 g 4 77 mmol) in anhydrous DCM (100 mL) and the mixture left to stir for 10 minutes at room temperature. 
Anhydrous triflic anhydride (1.25 mL, 1.48 g, 5.25 mmol) was added quickly, in one portion, and the reaction noixture 
was allowed to stir at room temperature for 4 5 h. The darkened, homogenous reaction mixture was poured into cold 
saturated NaHCOa (200 mL) and the mixture was extracted with DCM (3 x 50 mL). The organic layers were combined. 
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washed with water (2 x ?00 mL), brine {2 x 200 mL) and dried over anhydrous MgS04. Filtration and evaporation 
afforded the crude product, which was purified by flash column chromatograpfiy using 80:20 petroleum ether: EtOAc 
as eluent. Evaporation of the pure fractions in vacuo afforded the product (175) as a yellow oil (1 .79 q. 3.25 mmol. 68 
%). ""H NMR (270 MHz, CDCI3) 6 7.29 (s, 1H, ArH), 7,23 (s, 1H, ArH). 7,15 (I 1H, J -2,01 Hz. H31 5,53 (d. 1H, J- 
5 10.07 Hz, SEM amino acetal CH^), 4,68 (d, IN, J- 9.B9 Hz, SEM amino acetal GH^). 

(1 1 aS)"7,8-dimethoxy-2-€thenyl-5,1 0,1 1 ,1 1 a-tetrahydro-1 0-(2-(trimethylsilyl)ethoxymethyl)-5,1 1 -dioxo-1 H- 
pyrrolo[2,1-c][1 ,4] benzodiazepine (1 76) 

10 [0172] A catalylic amount of tetrakistriphenylphosphine patladium [0] (4 mol%, 0.U2 g, 0.123 mnnol) was added to 

a stirred mixture of 175 (1 .69 g, 3.0u 'mol), LiCI (0.39 9.1 9 mmol)= and tributytvinyltin (1 16 mL, 1 .26 g, 3.98 mmof) 
in anhydrous THE (1 00 mL) and heaioo at reflux for 2.5 h. The cooled reaction mixture was diluted with DCM (1 00 mL) 
and the mixture washed with 1 0 % aqueous ammonium hydroxide (200 mL). The organic layer was washed with brine 
(2 X 200 mL) and dried over anhydrous MgS04. FiHration and evaporation of the solvent in vacuo afforded the crude 

^5 product, which was further purified by flash column chromatography using a 80:20 mixture of petroleum ethGr:E10Ac 
as elLient. Pure fractions were combmed and evaporation of the solvent in vacuo afforded the product (176) as a 
colourless oil (0.992 g, 2,312 mmoi, 75.5 %), %). ^H NMR (270 MHz, CDCI3) 5 7.32 (s, 1H. ArH), 7.22 (s. 1H^ ArH), 
6.94 (s. 1H, H3), 6.51 (dd, 1H, J- 10.62, 17.22 Hz, alkene CH), 5.51 {d, 1H, J- 10.07 H/. SEM amino acetal CH^), 
5 20 (d. 1K J = B 24 Hz, alkene CH^), 5.15 {s. 1H. alkene CH2), 4.65 (d, 1H, J= 9.B9 H/, SEM amino acetal CHg), 

20 4 54 (dd 1H, J = 3.30, 10. S2 Hz, Hlla), 3.90 (s, 3H, OMe). 3.89 (s, 3H^ OMe), 3.82-3.60 (m, 3H, SEM 1' CH^ + Hi), 
2.91-2 82 (m. 1H. H1), 0.96 (t, 2H, 8.42 Hz, SEM 2' CHg), -0.04 (s, 9H, SEM CH3): "'^C NMR (67.8 MHz, CDCI3) 
6169,3, 161.8, 152.1, 147.3, 133.8, 129.8, 126.0, 125.1, 121.2, 115.1, 111.4, 105.9, 78,5, 67.1.57.6,56.2, 56.2, 29.6, 
18.4, -1.34. 

25 {iiaS)-1,11a"dihydro-7,8-dimethoxy-2-etheriyl-5H-pyrrolo[2,1-c][1,4]benzodia2^pin"5-one (177) 

[0173] Solid sodium tetraborohydrtde (NaBH4, 81 mg, 2.175 mmo!) was added in one portion to a rapidly stirred 
solution of 176 (101 mg, 0.233 mmol) In a mixture 0I anhydrous EtOH (2 mL) and anhydrous THE (4 mL) at room 
temperature and allowed to stir for 4 h. The reaction mixture was diluted with water (5 mL) and extracted with GHCI3 

30 (3x5 mL). The organic layers were washed with brine (10 mL) and dried over anhydrous MgSO^, Eiltralion and evap- 
oration afforded the crude product, which was stirred for 30 minutes with silica ge! (0.25 g) in MeOH (5 mL). Excess 
methanol was removed by rotary evaporation, causing the crude product to be absorbed onto the silica gel. The plug 
of silica get was added to the top of a silica gel column and the product was purified by flash column chromatography 
eluting with a 60:40 mixture of petroleum ether:EtOAc. Pure fractions were combined and evaporation of the solvent 

35 in vacuo afforded the product (177) as a yellow solid (33 mg, 0.116 mmol 50 %). ""H NMR (270 MHz, CDCy 6 7.S6 
(d, IN. J- 3,84 Hz. imineCH).7.50 (s, 1H. ArH), 7.05 (brs, 1H, H3), 6.82 (s, 1H, ArH), 6.58 (dd, 1H,J== 10.62, 17.22 
Hz aikene CH), 5.20-5.05 (m. 2H. alkene CH^), 4.39-4.31 (m. 1H. H11a), 3.96 (s. 3H, OMe), 3.94 (s, 3H, OMe). 
3.39-3.12 (m, 2H. H1); ^^C NMR (67.8 MHz. CDCI3) 6 1627, 161.5, 151.9, 147.8, 140.4, 129.9, 126.9. 123.9. 118.9, 
114.4, 111 .6, 109.8, 77.3. 56,2, 53.9, 33.7. 

40 

Example 1(h) : Synthesis of (11aS)-1 ,11a-dihydro-7,8Hjimethoxy-2-(4-methoxyphenviV5H-pyrrolo[2,1-c][1,^^ 
benzodiazepin-5-one (See Figures 6a/b) 

[01741 
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(11aS).7,8-dimethoxy-2-(4-metKoxyph«ny.)-5.10,11.11a-t.trahydro-10.(2-(trln,ethy.sl.yOcthoxym.thy^ 
5,11-dioxo-1H-pyrrolo[2,1-<:U1 ,41benzodiazepine (178) 

A solution o. 

solution of vinyl inflate (175 - see example 1 (g)) (715 nng ^ f h in ( 78 ma 4 185 mmon and tBlrakis{triphe- 
An aqueous solution of Na,C03 (2 9.9 nnL) was abded L^' J^^^^^ folioUd by 

nylphosphine)p.,lad,um(0) (5 mo,%. 81 mg) and the ^^J^^/^f ^^^^^ ^ J.J:^^^ Ta iTu're of DCM (50 mL), 
heBting at reflux for 1 h. After concentration '"J^^^'^^'^'^''.^^^^^^^ was extracted with DCM (3 x 20 

aqueous 2 N l^a^CO^ (50 mL) and cone. NH.OH solution (3 rnL)- ^^^^^^^^^^ evaporation afforded a residue 

J)andtinecombinedorganicextractsweredriedoveran ydrousN^g^^^^^ 

which was punfied by flash column chromatography on s.hca ge le^uting ^'^^^ ^^^^^^ ^ ,,,, (559 ^g, 

tions were combined and evaporation of the solvent >n vacuo ^"^^'^f ^'^^^ ^^.^^^^^^^ J J= 2,01 Hz. H3), 

1 .095 ,.mol. 85 %). NMR (270 MHz, CDCy ^If-^^'^^J:''^^^^^ CH,). 4.71 (d, 

7,27 (s, IH, ArH), 6 88 (d. 2H, J= 6,93 ^^^f-^^^^/^^^J' ^, '1^^.'^^ 62 H, H^) 3 95 (s. 3H. OMe), 3 94 (S, 3H, 

,,,,S,-1,11..dlh,d™.7,Mlm«Ko,,.2-(4-n,.tt.o«,pn.n,l)-5H.p,,roN2,1-=lI1.4ll..""'''-«^ 

aolulion 01 178 1100 mg. 0,2 mmol) In , m»U,. ol anhydrous " , fa^^ sllrrod lor 30 mlnolos wilh silica 

,Uoo„,o.poiaWo,o.,hT.o™o,.„™^ 

gol (2,0 9), The mlxluro «/as oxtraciod with ElOAo (3 x ' " ' » ' ^^.^ v.as purllted by 

and d.lod o,., anhydrous MgSO, Fillratlon and a"»P"=''°" '"XrElOAc Puro Iraclion. wore combined 

Hash column ohromaiog.aphy oluiing with a 60.50 mixture o P«'';'™"jX,f M mnTo. mmol. 3B %). 'H NMR 
and evaporation ol the solvent /n vacuo .llonJed »■« P'=^«' ^^*h,''7 5 MH t =3 H^, H3) 7,33 ,d, 2H, 

^:i^7"H,^^x;re:ir„;,'a%^,^^?H:7riSHj,™t^^^^^ 

111 .6. 109.8. 56,2, 56,1, 55.6, 35.6. 

5-one (See Figures 6a/b) 
[0177] 



MeO 



5 



MeO 




(11aS>-7,8-dirnethoxy-2-pheny.-5.10.11,11a4etrahyaro-10-{2-(trimethylsllyl)ethpxymethy.)-5,^ 
pyrrotQ[2,1-c][1,4)benzodiazepme (180) 

101781 Phenylboronlc acid (334 mg, 2,74 mmol, 2,54 .c^ulv.), Na,C03 ^^^f^;; 

nylphisphine) pa,ladiur.(0) (49,9 mg, 2% mmol) wa. added to a f ^^'^ ^^^^^^ ^J^^, Tat oom' temperature 
mq 1 .08 mmo!) in ethanof (21.6 mL) w.ter (21 6 mL) and tf.e reaction ^'^-^^f "^'^^^^^J^ f ^ mL), brL (200 
fo?2 hrs. The reaction m.xture was diluted with ethyl acetate ^f^^ .-^^^^^^^^^ crud. product, 

mL). and dried over magnesium sutphate. Filtration ar,d -l^-^^->-^ ^^^j: pe oleum e her; 30% ethyl acetate) 
which was subjected to flasb column chromatography on sihca gel (70 /. 40 60 petroleum 
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20 



147 3, 133.9, 132.7, 128.7, 127.6, 125.7, 121 .8, 121 .1, 111-3. 105.8, 78.4, 67.2, 57.6, 56.2. 31 3, 18.4, 1 
(11aS)-1,11a-dihydro-7,8-dimethoxy-2-phenyl-5H.pyrrolo[2.1-c][i,4]benzodiazepin-5.one(181^ 

101791 solid sodium tetraborohydrlde (287 mg. 7.6 mmol, 10 equiv.) was added in one ponion to a rapjd^^ stirred 
SlSn Of 180 (365 mg, 0.76 mmol) In a mixture of ^^Vdr^s BOH (B^^^^^^^ 

reaction mixture was allowed to stir at room temperature for 1 hour at ^^^^ '^7^™^^^^^^^ ^-^^^^^ ^ l^ted with 
anol: 95% chlorotorr.) revealed -mP^^^^^^^^^^^ ^fZlT^^:^^^^^^^^^^^ 

(U^- +1) 335.1398, found 335.1396 

...^p.e : Synthesis of the C7-.odo-C2-n.eth.ene PBD Wonomer BSg^jgyUPrgggmLe^^ 
[0180] 



25 



30 




(S)-»(Allylo«ycarbonyl)-2-(<e,1-bulvldlmethytellylo»ym«hylH-meth,lid™»pvri«lldln.(^^ 

of methyttriphenylphosphonium bromide (7.29 g. 20^4 mmol) '^^^^ J^^^/^^'^^ o 2 mmoll in THF (1 0 mL) was added 
stirring for 2 hours at 0-=C, a solution of the ketone 16 (example ^{^>n3 20 S^^^O^ 2 ^ ,,3,,,, 
dropwise and the rr^ixturc allowed to warm to room temperature. After ^J^^^^^^J ^/"J^J^^^^^^ brine, 
mixture was diluted with EtOAc (150 mU) and water (150 mL) and he o g.mc layj^s^^^^^^^ ,^ 

HCO,CH,C„.CH,,, S3, l-*,' CCH 4 ■iiJ^^S^.^ofHct:^;,^ 4.19-398 =H, 

NCO,CH,CH,CH2),4.98-4,6, (m.2H NCH,C.CM2M6^ NCHjcCHd, 2 80-2 56 (n,. 2H, 

" fo^/rS'-f 0'"''^«1^-1~ 2U.°S„?;cio,, , ,4S. ,404 ,S,CH3,. ,3S„, ,3,0, 

1252 (S1CH3), 1207, 1174, 1103, 1076, 1006, 836, 776, 680 cm-\ 
(2S)-2-(feri-butyldimethylsilyloxymethyl)-4-methylidenepyrrolidine(58) 
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gas evolution immediately ensued. The mixture was stirred for 16 hours at room temperature under nrtrogen at which 
point TLC (50% EtOAc/Petroieum Ether) revealed the formation of amine. After diluting with CHsCI^ (30 mL). the 
organic solution was drted (MgSO^). fHlered and evaporated in vacuoio give an orange oil which was purified by flash 

chromatography (50-1 00% EtOAc/Petrofeum Ether) to afford the amine 53 as a slighliy orange o\\ (0.56 g, 77%); [ap^o 
5 ^ -3.9 " (c- 5.0, CHCI3) ; 1H NMR {270 MHz, CDCI3) 5 4 93 (I, 1H. J- 2.02 Hz. NCHgC^CH^), 4.90 (t. 1H, J-2.02 
Hz, nCV^2C^CH2).. 3,68^3.46 (m, 4H, NCHCH^OTBDMS and NCH2C-CH2), 3.30 3.21 (m. 1H, NCi^CH^OTBDMS), 
2.53-2.41 (m, 2H, HCHfi^CH^CH^an6 NH). 2^26^2.17 (m, 1H. NCH^C^CHsCH^), 0.90 (s. 9H, SlCiCH^h), 0.06 (s, 
6H. S}(C/^3)2): NMR (67.8 MHz, CDCI3) 5 150.0 (NCH2C=CH2). 104.7 (NCH^C CH2). 64.7 (NCHCH26TBDMS), 
60.5 (NCHCH20TBDMS)^ 51.3 (NCH2C-CH2), 34.9 i^CH^C -CH^CH^).. 25 9 (SiC(CH3)3). 18.3 (810(^3)3), ^5.4 (Si 
10 (CH3)2}; MS (Ef), m/z (relative intensity) 227 (M+\ 8). 212 (6), 170 (M-'Bu, 36). 96 (8), 82 (M^CHgOTBDMS, 100), 75 
(11); ]R (Neat) 3550 3100 (br. NH), 3074 (C-CH2), 2929, 2857, 1664 (C-C), 1472, 1424, 1391, 1380. 1361. 1255. 
1190. 1101, 1006, 939, 880, 838, 777,723, 668 cm'i. 

(2S)-/V-[5-lodo-2-(2,2,2"trichloroethyloxycarbonytamino)-benzoyt]-2-( ferf-butyfdimethylsilyloxymethyl)- 
^5 4-methyfidinepyrrolidine (60) 

[0183] A catalytic an^ount of DMF (3 drops) was added to a stirred sotulion of the Troc protected anthranilic acid 59 
(0-46 g. 1 ,04 mmol) and oxaiyi chloride (0.10 ml, 0.15 g, 1 .15 mmot) in CH2CI2 (30 mL). After 16 hours at room 
temperature the resuming acid chloride solution was added dropwise over 30 minutes to a stirred mixture of the amine 
58 (0.26 g, 1 .15 mmol) and TEA (0.26 g, 0.36 mU 2.58 mmol) in CH2CI2 (15 mL)at -20="G (CCU/liq.N^) under a nitrogen 
atmosphere. The reaction mixture was allowed to warm to room temperature and stirred for a further 45 minutes. At 
this point TLC analysis (50% EtOAc/Petroleum Ether) revealed complete reaction, The mixture was washed with sat- 
urated NaHCOg (30 mL), saturated NH4CI (30 mL), H2O (25 mL), brine (30 mL), dried (MgS04), filtered and evaporated 
in vacuo to give the amide 60 as a dark oil (0.65 g, 96%): 1H NMR (270 MHz. CDCI3) (Rotamers) 6 8.92 (br s, 1H), 
25 8,05-7.88 (m, 1H), 7.74-7.64 (m, 1H), 7.56-7.46 (m, 1H), 5.08~4.95 (m, 2H), 4.84 (d, 1H, 11.91 Hz), 4.75 (d. 1H. J 

- 11.91 4.74-4.65 (m. 1 H), 4,21-3.68 (m, 4H), 2.96-2.65 (m, 2H), 0.95-0.87 (m, 9H). 0.1-0.03 (m, 6H). 

(2S)-A^-(2-Amino-5-iodofoen2oyl)-2''(hydroxyinethyl)-4-methyiiden^pyrrotidine (61) 

30 [01 84] A sofution of TBAF (1 ,24 ml of a 1 M sofution in THE, 1 .24 mmol) was added to the silyt-ether 60 (0,64 g, 0.99 
mmol) in THF (15 mL) at (ice/acetone). The reaction mixture was allowed I0 warm to room temperature and after 
45 minutes TLC (50% EtOAc/Pet- Ether 40 60 ^) revealed the complete disappearance of starling material Saturated 
NH4Ci (75 mL) was added and the reaction mixture extracted with EtOAc (3 X 30 mL), washed wilh brine (30 mL), 
dried (MgS04), filtered and evaporated in vacuo to give an orange oil, Purification by flash chromatography (50% 

35 EtOAc/Pet-Ether 40 60 ^) provided the pure amino-afcoho! 61 as a viscous oil (0.18 g, 51%): ""H NMR (270 MHz, 
CDCI3) o 7,72-7.61 (m, 1 H). 7.55^7.40 (m, 1H), 6.51-6.49 (m, 1 H), 5.02-4.94 (m, 2H), 4.80-3.80 (m, 8H), 2.81-2.79 (m, 
1H), 2.43 2 40 (m, 1H): MS (E!), m/z (relative intensity) 359 (M^" + 1 . 5), 358 {W\ 33), 328 (3), 327 (10), 254 (3), 247 
(11), 246 (100), 218 (18), 164(2), 127(4). 120 (4), 119 (10), 113 (9), 112 (91), 94 (2), 91 (20), 90 (5), 82 (10), 67 (2), 
64 (3), 63 (3), 52 (3). 

40 

(2S)-A^[5-lodo-2-(2,2,2-trichloroethyloxycarbony!amino)-benzoy]]-2-(hydroxymethyl)"4'rnethylidinepyrrolidine 
(62). 

[0185] A solution of the amine 61 (179 mg, 0.50 mmol) in CH2CI2 (15 mL) was cooled to 0"C (ice/acetone) and 
^5 treated with pyridine (81 ].lL, 79 mg, 10 mmol). A sofution of 2,2,2-trlch[oroethy3chloroformate (76 iiL, 117 mg, 0.55 
mmol) En CH2CI2 (5 mL) was then added dropwise to the stirred mixture. 

[0186] Tlie reaction mixture was allowed to warm Lo room temperature and stirred for a further 2 h, at which point 
TLC (EtOAc) revealed complete consumption of amine 61. The reaction mixture was washed with saturated CUSO4 
(25 mL), H2O (25 mL), brine (25 mL), dried (MgS04), filtered and evaporated in vacuo. The crude residue was purified 
50 by flash chromatography (50% EtOAc/Petroleum Ether) to afford the pure troc-amino compound 62 as an oil (189 mg, 
71%): NMR (270 MH?, CDCI3) S 8.90 (br s, 1H), 7.75-7.66 (m, 3H), 5.02-4 92 (m^ 3H), 4.87 (d. 1H, J= 12.09 Hz), 
4.72 (d, 1H, J:.: 12.09 Hz), 4.15-4.08 (m. 2H), 3.90 3,85 (m, 2H), 3.65 3.63 (m, 1 H), 2.80-2.71 (m, 1H), 2.50 (d, 1 H, J 

- 14.83 Hz): ^^C NMR (67,8 MHz, CDCI3) 5 167.7, 151,9, 142.7, 139,6, 135.6. 134.8, 127.7, 123.4, 108.4, 95.1, 86.6, 
74.3, 63.9, 59.0. 53.5, 33,7; MS (El), m/z (relative intensity) 536 (5), 535 (3), 534 (15), 533 (M ^v 3), 532(15), 503 (2), 

55 501 (2), 422 (4), 420 (5), 385 (8), 384 (B). 366 (3), 353 (11), 290 (9), 273 (8). 272 (75), 246 (6), 245 (18), 218 (4). 217 
(5), 216 (8), 146 (4), 145 (10), 133 (4), 131 (4), 119 (6), 117 (7). 11S (11), 113 (17), 112 (39), 97 (4), 96 (3), 95 (12), 90 
(5), 84 (5), 83 (7), 82 (100), 79 (7), 77 (21), 67 (2), 63 (4), 61 (3), 61 (6); exact mass calcd for Ci6H^6f^204Cl3E m/e 
531.9221. obsd m/e 531. 9155, 
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(1 1 S,1 1 aS)-1 1-Hydroxy'7'iodo>-2-methyltdene-1 0-(2,2,2-trichloroethyloxycarbonylamino)-1 ,2,3,1 0,1 1,11a- 
hexahydro-5/^pyrrolo[2,1-crJ [1,4]ben2odiazepin-6-one (63) 

[01 871 A solution of the alcohol 62 (1 89 mg, 0.35 mmol) in CH2CI2/CH3CN (1 2 mL, 3:1 ) was treated with 4 A powdered 
^ mofecLilar siGVGs (100 mg) and NMO (62 mg, 0.53 mmo!), After 15 minutes stirring at room temperature, TPAP (6 2 
mg, 1 7.7 Limo!) was added and stirring continued for a further 1 hour at which point TLC (50% EtOAc/Petroleum Ether) 
showed product formation along wllh some unoxidised starting material. The mixlure was then treated with a further 
quantity of NMO (62 mg, 0.53 mmol) and TPAP (6.2 mg, 17.7 ^mol) and allowed to stir for a further 30 minutes after 
which time TLC revealed complete reaction. The mixture was evaporated in vacuo onto silica and subjected to flash 
10 chromatography (40% EtOAc/Petroleum Ether) to provide the protected carbinolamine 63 as a white glass (93 mg, 
49%>): NMR (270 UHz, CDCI3) 5 8,09 (d, 1H. J= 2 01 Hz), 7.80 (dd, 1H. J 8.43, 2.20 Hz), 7.10 (d, 1H, ^-8.43 
Hz), 5.60 (d, 1H, J - 9.71 Hz), 5.20-5.04 (m, 3H), 4.79-4.50 (m, 1H), 4.32-4,08 (m, 3H). 3,63 (I, 1H, J= 8.79 Hz), 
2.99-2 89 (m, 1H),2,72(d, 1H, J= 15.94 Hz); ""^c NMR (67.8 MHz, CDCfg) 6 165.0, 154.1, 141,0, 140.2, 137.7, 134.5, 
133.6, 132.0, 110.4, 94,7. 93 4.. 85 7, 75 0, 59.4, 50 7, 35 0: MS (El), m/z (relative Intensity) 533 (6), 532 (22), 531 
?5 (M+\ 8), 530 (17), 529 (10), 449 (5), 383 (6), 354 (7), 353 (5), 338 (6), 325 (5), 290 (5), 274 (15), 273 (8), 272 (43), 
254 (5). 245 (8). 218 (5), 216 (12), 147 (5), 146 (6), 145 (9), 133 (10), 131 (9), 128 (5), 127 (15), 119 (11), 117 (5), 97 
(6), 95 (9). 92 (6), 91 (6), 90 (6), 83 (11), 82 (100). 81 (7), 80 (8), 75 (5), 63 (7), 53 (5); exact mass calcd for 
C16H14N2O4ICI3 fr?/e 531 .9037, obsd m/e 531. 8988. 

20 (11 aS)-7'todo-2-methyndene-1 ,2,3,1 1 a-tetrahydro-5H-pyrrotot2,1 -cJtl ,4]benzodiazepin-5-one (64, UP2023, 
BSD SJG). 

[0188] 1 0% cadmium lead couple (109 mg, 0.875 mmol) was added to a stirred solution of the Troc-protected car- 
binolamine 63 (93 mg, 0.175 mmol) in THF (1 mL) and aqueous fN ammonium acetate (1 mL). After 45 minutes at 

^5 room temperature TLC revealed complete reaction (70% EtOAc/Petroleum Ether). The mixture was diluted with EtOAc 
(30 mL). dried (MgS04), filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(70% EtOAc/Petroleum Ether) to provide the novel PBD (64, BSD-SJG, UP2023) as a white solid (27 mg, 46%); mp 
"C; ""H NMR (270 MHz, CDCI3 + CD3OD) {11S,11aS isomer) S 8.10 (d, 1H, J - 1.46 Hz), 7 65 (d, 1H, J - 8 79 H7), 
6 86 (d, 1H, J-8.06 Hz), 5 14-5 10 (m, 2H), 4 66 (d, 1H, 13 H7), 4 34 (d, 1H, J= 16 12 Hz), 423 (d, 1H, J- 

30 16.12 Hz). 3.80-3 71 (m. 1 H), 3,34 (s. 3H), 3.03-2.86 (m. 1 H), 2.65 (d, 1 H, J= 1 6.02 Hz); MS (El)> m/z (relative intensity) 
(N10-C11 imine form) 339 (M+- ^ 1. 20), 338 (M-", 100), 337(17), 323 (5), 311 (4), 310 (5), 257 (5). 230 (4), 229 (13), 
211 (4). 203 (4). 202 (8), 184 (8), 183 (4), 103 (5), 82 (17), 81 (4), 80 (5), 76 (6), 75 (16), 74 (5). 55 (4). 53 (4); iR 
(NUJOL® )3295 (br),2923, 2853, 1716, 1615, 1506, 1457, 1377, 1317, 1278. 1238, 1169, 1118, 1063, 999, 895, 818, 
751, 718 cm "*; exact mass calcd for C^3H^iN20l /77/e 337.9916, obsd m/£? 337.9870, 

35 

Example 2(b) : Synthesis of the C8-Benzvt-C7-Methoxy-C2-nrteth>ene PBD Monomer SJG-244 (70) (see Figure 8) 
[01891 
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(2S)-A^(4'Benzyloxy"5»methoxy-2-nitrobenzoyl)-2-(ferf-butyldimethylsilyloxymethyf)- 
4-methyMdenepyrro!idine (65) 

50 

[0190] A catalytic amount of DMF (2 drops) was added to a stirred soiution of the nitro acid 1 (0.645 g, 2,13 mmol) 
and oxalyf chlorido (0.23 mL, 0,33 g, 2.60 mmol) in OH^Ol^ (40 mL). After 16 hours at room temperature the resulltng 
acid chloride solution was added dropwise to a stirred mixture of the amine 58 (0.522 g, 2.30 mmol) and TEA (0.58 
0,80 mL, 5.73 mmol) in CH2CI2 (5 mL) at 0"C (ice/acetone) under a nitrogen atmosphere. The reaction mixture was 
55 allowed to warm to room temperature and stirred for a further 2.5 h. The mixture was diluted with CH2CI2 (50 mL), 
washed with saturated NaHCOa (50 mL), saturated NH4C! (50 mL), H2O (50 mL), brine (50 mL), dried (MgS04), filtered 
and evaporated in vacuo to give the crude product as a dark orange oil. Purification by flash chromatography (20% 
EtOAc/Petroleum Ether) isolated the pure amide 65 as a sticky orange oil (0.86 g, 79%): [a]^^^ .47 2 ° (c ^. 2.79, 
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CHCI3); ""H NMR (270 MHz. CDCIs) (Rotamers) 5 7.78 and 7.77 (s x 2. 1H^,^ J, 7.48-7 35 (m^ 5H^,^J, 6.82 and 6 78 
(s X 2, IHg^r^J, 5,23 and 5.21 (s x 2, 2H, PhCH/:)), 5.09-4.83 (m. 2H, NCH^C-CH^). 4 59-4.49 [m, 1H, 
NCHCH2OTBDMS). 4.03-3.08 (m, 7H, NCHCH^OTBDMS. NCH2C=CH2 and OCH3). 2,80 2,56 (m. 2H 
NCH^C-CHoCH^), 0.89 and 0 79 (s x 2.. 9H. 510(0^5)3). 0.122, -0.11 and -0.14 (s x 3, 6H. SKCh/^y; ^^C NMR (67.8 

5 MHz!'cDCl3') (Rotamers) 6 166.2 (NC-O), 154,8 and 154.6 {C^^.J. 148.2 and 148.0 {C^^J.. 144,1 and 143.2 (C^uat)^ 
137,1 fCq^,,)> 135.3 (C ,^). 128.8 and 128.5 (BnC^H,,,J. 128 2 (C^.J. 127.6 (BnC-H,,,J, 110.1 and 109.2 (C- 
H^,,^). 109.0 and 108.5 (CM^,orr.h 107.5 (NCHsC-CHy. 71.3 (PhCH^O). 63.7 (NCHCH^OTBDMS), 60.2 
(NCHCH2OTBDMS), 58.1 and 56.6 {OCH3), 52.8 and 50,5 (NCH2C=CH2), 34,9 and 33.9 (NCHgC-CH^CHg): 25.8 and 
25.7 (SiC(CH3)3), 18 2 (SiQCHsja), -54 and 5.6 (Si(CH3)2): MS (E!), m/z (relative intensity) 512 3), 497 (M-CH3, 

10 4). 455 (M"tBu, 100), 380 (2). 364 (5), 286 (M-NCH2C-CH2CH2CHCH2OTBDMS. 40), 279 (9), 226 
(NCH2C-CH2CH2CHCH2OTBDMS. 5), 168 (10). 149 (27), 91 (PhCH2. 62), 73 (B), 57 (9): IR (NEAs) 3066, 3034, 2953, 
2856, 2245, 1644 (NC=0), 1578, 1520, 1454, 1426, 1379, 1335, 1276, 1220, 1186, 1106. 1059, 1016, 910, 836,815. 
779, 734, 697, 655, 614 cm'\ 

15 (2S)-A/-(4-Benzyloxy-5-methoxy-2-nitrobenzoyl)'2-(hydroxymethy1)-4-methytidenepyrrol!^ (66) 

[0191] A solution of TBAF (2.10 mL oT a 1 M solution m THR 2.1 0 mmol) was added to the sityf-ether 65 (0.86 g, 1 .68 
mmol) in THF (20 mL) at 0"C (ice/acetone). The reaction mixture was allowed to warm to room temperature following 
a colour change (yei^ow-^dark red). After a furlher 40 minules TLC (50% ElOAc/Pet-Ether 40^- 60*^) revealed the 

20 comptete disappearance of starlmg nnateriai. Saturated NH4GI (1 00 mL) was added and the reaction nnixture extracted 
with ElOAc (3 X 40 mL), washed with brine (30 mL). dried (MgS04), filtered and evaporated in vacuoXo give a dark 
orange oil which was purified by flash chromatography (60% EtOAc/ Petroleum Ether) to provide the pure alcohol 66 
as a white solid (0.64 g, 96%): M^^p - -22.9 ^ (c= 0.20, MeOH); NMR (270 MHz, CDCfg) (Rotamers) S 7.78 and 
7.76 (S X 2. 1H3,^^), 7.49-7.33 (m. SH^rom)^ ^.91 and 6.82 (s x 2, 1H^,^^), 5,22 (s, 2H, PhCH..O), 5.10 (m, 1H. OH), 

25 5.03-5.01 (m. 1H. NCH^C-CH^), 4.90-4.85 (m, 1H, NCH2C=CH^). 4.65-4.56 (m, 1 H, NCHCH2OH), 3.99 and 3.95 (s 
X 2.. 3H, OCH3), 3.90-3,72 (m, 4H, NCHCH^OH and HCHfi^rQH^Y 2.90-2.87 (m, 1H, NCH2C:^CH2CH^). 2.53-2.47 (m, 
1H. NCH2C=CH2CH„); ^^c NMR (67.8 MHz, CDCI3) (Rotamers) 5 177.4 (NC-O), 155.1 (C^^^i), 148.3 (C^^ai). ^42.6 
(^^quBi). ^S7.0 (Cq,J, 1352 (C^,.J. 128.9, 128 6 and 127.6 (BnC^H,,,J. 1 09 1 (C-H,,,,,), 1085 (C H^,, J, 10B.3 
(NCH^C-Chy- 71 .4 (PhCHsO), 65 2 and 63.7 (NCHGH2OH). 60.4 (NmCH20H). 56.8 and 56 7 (OCH3), 53.0 and 

30 50.1 (NCH2C-CH0). 35.1 and 34.4 (NCHgC-CH^CHs): W\S (El), m/z (relative intensity) 398 (M-+", 2). 380 (3). 368 (4). 
354 (1). 286 (M-NCHoC-CHoCHoCHCHoOH, 54), 270 (2), 256 (1), 164 (2), 136 (4), 135 (3), 121 (4). 112 
(NCH2C-CH2CH2CHCH2OH, 3). 91 (PhCHa, 100). 82 (3), 69 (4), 65 (6); IR (NUJOL® ) 3600-3200 (br OH). 2923. 
2853. 1718, 1663,. 1611 (NC^-:0), 1577, 1517, 1460. 1376, 1332, 1275, 1224, 1176, 1062, 990, 925, 886, 862, 796, 
759, 723, 702 615 cm-""; exact mass calcd for C21H22N2O6 m/e 398, 1478, obsd m/e 398.1490. 

35 

(2S)-N-(2-Ammo-4-benzytoxy-5-methoxybenzoyl)-2-{hydroxymethyl)-4-methvlidenepyrrolidm^ (67) 

[0192] The nitro-atcohol 66 [0.637 g, 1 .60 mmol), SnC!2 2H20 (1 ,81 g, 8 0 mmol) and methanol (36 mL) were heated 
at reflux and monitored by TLC (90% OHCyUeOH), After 1 hour the MeOH was evaporated in vacuoand the resulting 
40 residue coded (ice), and treated carefully with saturated NaHCOa (120 mL). The mixture was diluted with EtOAc (120 
mL). and after 1 6 hours stirring at room temperature the inorganic precipitate was removed by filtration through celite. 

The organic layer was separated, washed with bnne (lOOmL), dried (MgS04), filtered and evaporated in vacuoXo give 
an orange glass. Flash chromatography (EtOAc) afforded the pure amine 67 as a pale yellow glass (0 37 63%); 
[aPp =.^-42.7 ^ (C- 3.7, CBCI3); ""H NMR (270 MHZ: CDCI3) 6 7.44-7 29 (m, SH^^^J, 6 77 (s, 1 H^^,^ J, 6 27 (s, 1 H.^,^J, 

4B 5,12 (s, 2H, PhCH^O). 5 06 5.00 (m, 1H, NCH2C-CH2), 4,99-4.92 (m, 1H, NCH2C-CH2). 4.63-4.53 (m, 1H, 
NCHGH2OH), 4.25-3.60 (m, 10H, NCHCH2^'^: NC/^2C-CH2. OCH3, O/^and N/-/2). 2-77 (dd, 1H, 8.52, 15^85 Hz. 
NCH2C=CH2CH2). 2,43-2 39 (rii, 1H. NCH2C:^^CH2CH2) . ^^C NMR (67.8 MH/, CDCI3) 6 1 71 .4 (NC^O), 151.0 (C^^at)- 
143.3 (C_t)= 141.5 (Cq,J. 140.6 (C^,^,), 136.5 (C^^.t)- 128,6 and 128.0 (BnC-H^,,^), 127,8 (C^^^^). 127.1 (BnC- 
H,,,^), 112.5 (C^H,,,^), 107.8 (NCHsC^^CHs). 103.0 (C^H^.^J, 70.6 (PhCH^O), 65 9 (NCHat20H). 60 0 

50 (NatCHsOH), 57.1 (00-13), ^3.3 (NQ IsC-Chy, 34.4 (NGH2C-CH2CH2); MS (El), m/z (relative intensity) 368 (M"^', 
100). 353 (M -CH3, 2), 340 (1), 286 (2), 273 (4). 255 (M-NCH2C-^GH2CH2CHCH20H. 59). 249 (8), 226 (4), 200 (2), 196 
(2), 166 (5), 138 (17), 112 (NCH2C-CH2CH2CHCH2OH , 39), 91 (PhCH^. 70), 82 (5), B5 (5); IR (NEAT) 3600 3000 (br, 
NHg and OH), 3065, 3052, 2932, 2869, 2246. 1668, 1620, 1592, 1513, 1454, 1408. 1264, 1229, 1197. 1176, 1113, 
1079, 1002, 909, 733, 698, 645 cm-''; exact mass C£i\cd for C21H24N2O4 m/e 368.1736. obsd m./e 368.1652, 

55 
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(2S)-W-[{2-Allyloxycarbonylamino)-4-benzyloxy-5-methoxybenzoyl]-2-(hydroxy methyl)- 
4-methylidenepyrrolidine (68) 

[01931 A solution of the amino-alcohol 67 (0.33 g, 0,90 mmol) in CHaCI^ (20 mL) was cooled to O^C (ice/acetono) 
and treated with pyridine (0.14 mL. 0.14 g, 1 .77 mmol). A solution of allyl ctiioroformate (87 ^L, 99 mg. 0.82 mmol) in 
CH.CU (7 ml ) was then added dropwise to the stirred mixture. The reaction mixture was allowed to warm to room 
temperature and stirred for a further 2.5 h, at which point TLC (ElOAc) revealed complete consumption of amine 67. 
The reaction mixture was diluted with CH2CI2 (30 mL) and washed with saturated CUSO4 (40 mL), HjO {40 mL). bnne 
(40 mL) dried (MgS04). filtered and evaporated in vacuo. The crude residue was purified by flash chromatography 
(80% FtOAc/PetroIeum Ether) to afford the pure alloc-amino compound 68 as a white solid (0.34 g, 84%): [a] □ = - 
22 4 3 4 CHCU) iH NMR (270 MHz, CDCta) 5 8.52 (br s, 1H. N/i). 7.82 (br s, 1 H^^^^). 7.49-7.29 (m, 5H^,„^), 

6 84(s 1H ■ ') 6 02-5'88(m.1H,NCO2CH2CH.CH2), 5.39-5.22 (m.2H,NC02CH2CH^CH2). 5.1 7 (s.2H.PhCH20), 
5.01 (brs. 1h NCH2C=CH2). 4.94 (br s, 1H, NCH.C-CH^), 4.64-4.59 (m. 3H. NCHCH.OH and nCO,CH,CHjCi^,) 
A 21-3 60 (m BH. NCHCH2OH. NCHsC^CHj, OCH3 and OH), 2.77 (dd, 1H, J= 8.61, 15.94 Hz. NCH2C=CH2CH2 . 
2 46 (d 1 H J-= 15 94 H/ NCHsC^CHgCHj): ^^C NMR (67,8 MHz, 00013)8 171 .4 (fviC-Oa^we). 153.7 (NC=0^^rbanr.ale). 
t50.3 (C^^, 144.5 (C,,,). 143.0 (C,,,)-. 136.2 (C,.,), 132.4 (^^^^fH.a'^O^,.^^^ 128-1 .and 

1277 (BnC-H,,,J, 118,1 (NCOaCHjCH^CH^). 111.1 (C-H,,,J, 108.1 (NCH^C^CH^).. 106,5 (C-H ) 70.7 
(PhCH .O) 65 8 (NC02CH2CH=CH,). 65.5 (NCHCH^OH). 59.9 (NCHCH^OH), 56.7 (OCH3), 54.0 (NCH^C^CH^), 34,1 
(NCHoC^CH.CHs): MS (El), m/z (relative intensity) 452 (M-. 38). 3'i5 (M-OCaH^, 4). 394 (10) 340 
(M-NCH,C CH,CH,CHCH20H, 20). 298 (7). 282 (22), 255 (8). 206 (2). 192 ^2), 163 (3). 136 (3). 114 (6), 112 
NCIUc'cH^cf uCHCHsOH. 12), 91 (PhCH^, 100), 82 (10), 65(4), 57 (OC3H5, 7); IB (NUJOL® ) 3600-2000 (br, OH), 
3335 3242. 1922 2854, 1724. 1614. 1537, 1463, 1407, 1378. 1349, 1280. 1214, 1178. 1117. 1054, 1028, 995 947. 
908, 892. 853. 821 , 768, 735, 697, 629, 601 , 514 cm'i; exact mass calcd for CgsHgaNjOe nVe 452.1947. obsd m/e 
452.1923. 

(1 1 S.1 1 aS)-10-Allyloxycarbonyl-8-benzyloxy-1 1 -hydroxy-7-methoxy-2-melhy lidene-1 ,2,3,1 0,1 1 ,11a- 
hexahydro-5H-pyrrolo[2,1 -c]t1 ,41benzodiazepin-5-one (69) 

[0194] A solution of DMSO (0 18 mL. 0.20 g. 2 56 mmol) in CM^CIa (4 mL) was added dropwise over 30 minutes to 
a solution of oxalyl chloride (0,63 mL of a 2,0 M solution in CHsCI^. 1.26 mmol) at -45''C {6ry ice/CHaCN) under a 
nitrogen atmosphere. After stirring at -45"C for 30 minutes, a solution of the alcohol 68 (0,42 g. 0.93 mmol) dissolved 
in CH.CI, (8 mL) was added dropwise over 35 minutes at -45''C, After 45 minutes at -45''C, the mixture was trea ed 
dropwlse^with TEA (0,50 mL, 0,36 g, 3.56 mmol) in CH^CIa (4 mL) over 30 minutes at -45'C. After 35 minutes, the 
reaction mixture was allowed to wami to room temperature and was diluted with CH^CIs (30 mL), washed with IN HCI 
(20 mL) H.O (20 mL), brine (30 mL). dried (MgSOJ, filtered and evaporated in vacuo. TLC (80% EtOAc/Petroleum 
Ether) of the crude material revealed sufficient product formation and a trace of unoxidised starting material . Punf ica ion 
by flash chromatography (50% ElOAc/Petroleum Ether) furnished the pmtected carbinolamine 69 as white glass (0,1 72 
q 41%); 1H NMR (270 MHz. CDCI3) 5 7,48-7 27 (m, 5H,,,J, 7,25 (s, 1 H3„„), 6,74 (br s, 1H h 5.65-5^53 (m, 1 H_ 
NCOcCHoCH^CH.). 5.56 (d. 1H, J= 9,89 Hz. NCHCM3H), 5.22-5.04 (m, 6H, NCH2C=CH^, NC02CH2CH=CHj and 
PhCH^jO) 4 64-4.42 (m, 3H, NCO^CH^CH^CH^ and OH). 4,28 (d, 1H, J= 15,94 Hz, NCHgC=CH2), 4,09 (d, JH J- 
15.94 HZ.' NCH,C.^CH,), 3.92 (s, 3H, OCW3), 3.62 (t. 1H, J= 8.79 H7,, NCHCHOH), 2,90 (dd 1H /;8 97 16^03 Hz, 
NCH,C=CH^c4) 2.67 (d. 1H, J-= 16,03 Hz, NCH2C=CHpCH2); ^^C NMB (67.8 MHz, CDCI3) b 166.8 (NC==0^^,), 

128.1 and 127,3 (BnC-H^,^^), 125,6 (C,„,,). HS.O (NCOsCH^CH^CHj), 114.6 (C-H,,oJ. 110-6 ((>HaroJ^ 

(NCHpC^CH,). 85.8 (NCHCHOH), 71,0 (PhCH^O), 66,7 (NC02m2CH..CH2), 59.8 (NCHCHOH), 56,2 (OCH3) 
NCH,C=Ch'), 35.0 (NCH2C=CH2CH2); MS (El), m/z (relative intensity) 450 (M-, 24), 422 (1). 392 (1) 364 (1), 348 
3) 340 (12) 298 (6). 282 (8), 25I (2) 229 (2), 192 (3), 178 (2), 164 (4). 136 (3). 110 (3), 91 (PhCH,, lO")^ f O^^- 

65 (7)- IR (NUJOL®) 3600-2500 (br. OH) . 2923. 2854, 1711, 1619 1601, 1513. 1463, 1405, 1377,1300, 1278. 1202. 

1119, 1045, 993, 956, 909, 790, 768, 724, 697, 637 cm-i, exact mass calcd for CsgHjeNsOs m/e 450.1 791 , obsd m/e 

450.1790. 

Alternative synthesis (1 1 S,11aS)-10-Allyloxycarbonyl-8-ben2yloxy-11-hydroxy-7-methoxy-2-methylidenc- 
1 ,2,3,10.1 1 ,1 1 a-hexahydro-5W-pyrroto[2,1 -c][1 ,4Jbenzodiazepin-5-one (69) 

[01 95] A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CH^CyCHaCN (30 mL, 3: 1 ) was treated with 4 A powderod 
molecular sieves (0.2 q) and NMO (126 mg. 1 08 mmol). After 15 minutes stirring al mom te'^P^''«'"!«; J^f ^ ^° 
mg 35 9 fimol) was added and stirring continued for a further 1 hour 20 minutes at which point TLC (80 /o fctOAc/ 
Petroleum Ether) revealed product formation along with some unoxidised starting matenal. The mixture was then treat- 
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ed with a further quantity of NMO (1 26 mg, 1 .08 mmol) and TRAP (12.6 mg.. 35.9 timol), and allowed to stir for a further 

0.5 hours after which time TLC revealed reaction completion. The mixture was evaporated in vacuo onto silica and 
subjected to flash chromatograpliy (50% EtOAc/Petrofeum Ether) to provide the protected carbinolamine 69 as a while 
glass (153 mg, 48%); [af %- f 129.8 ^ (c- 1.5. CHCls); NMR {270 MHz. CDCI3) 5 7.48-7.27 (m, 5K,,^J, 7.25 (s, 
IH^.^J. 6.74 (brs, 1H.,,^J. 5.65-5.53 (m. 1H, NC02CH2Ch/=CH2), 5,56 (d, 1H, J- 9.89 Hz, NCHC^OH), 5.22-5.04 
(m.^6H. MCH^C^CH^, NCO^CH^CH^CH^ and PhCH^O)^ 4.64-4.42 (m, 3H, NCO^CH^CH-CH^ and OH), 4.28 (d. 1H, 
15.94 Hz.^ 4.09 (d, 1H. J:^^ 15 94 Hz, NCHpC-CHj), 3.92 (s, 3H, OCH^^). 3. 62 (t, 1H, 8.79 Hi., 

NC^-CHOH), 2,90 (dd, 1 J 8.97, 16.03 Hz, NCH2C-CH2CH2), 2 67 (d, 1H, J- 16.03 Hz, NCH2C-CH2CH^): ^^O 
NMR (67.8 MHzXDCy 51 66,8 (NO^O^^^d^). 156.0 (NC-0^3rt.amate)= ^50.1 (0^,,^^), 149.0 (C^.^^), 141 8 (C^^^^- 136.1 
(t^quit). 13"' S (NC02CH2CH=CH2). 128.6, 128.1 and 127.3 (BnC-H^.^J, 125.6 (C^^^t), 118.0 (NCO2CH2CH-CH2). 
1 14.6 (C H^^^^), 1 1 0.6 (C^H^,^^). 1 09.8 (NCH2C^^CH2): 85.8 (NCHCHOH). 71 .0 (PhCH20), 66.7 (NC02CH2CH=:=CH2)> 
59.8 (NCHCHOH), 56 2 (OCH3), 50.7 (NCH2C^^CH2). 35.0 (NCH2C=CH2CH2); MS (El), m/z (relative intensity) 450 
24), 422 (1), 392 (1).364 (1), 348 (3), 340 (12), 298 (6), 282 (8), 257 (2). 229 (2), 192 (3), 178 (2). 164 [4). 136 

(3) , 110 (3), 91 {PhCH2, 100), 82 (17). 65 (7); IR (NUJOL® ) 3600-2500 (br, OH), 2923, 2854, 1711, 1619, 1601, 1513. 
1463, 1405. 1377, 1300, 1278, 1202. 1119, 1045, 993, 956, 909, 790, 768, 724, 697. 637 cnv^\ exact mass calcd for 
C25H2GN2O6 /77/e 450. 1791, obsd m/e 450.1790, 

(1 1 aS)-8-Ben2yloxy-7-methoxy-2-methylidene-1 ,2,3,1 1 a-tetra hydro- 5H-pyrroto[2,1 ,4]benzodiazepin- 
5-one (70, SJG-244) 

[0196] A catalytic amount of telrakis(tripheny!phosphine)palladttjm (12 0 mg. 1 0.4 iLmol) was added to a stirred so- 
lution of the ADoc-prolected carbinolamine 69 (0.18 g, 0.40 mmol), triphenyiphosphine (5.25 mg, 20 ^mol) and pyrro- 
lidine (29 mg, 0.41 mmol) in CH^CI^ (15 mL). After 2 hours stirring at room temperature under a nitrogen atmosphere, 
TLC (98% CHCI3/MGOH) revealed the complete consumption of starting material. The solvent was evaporated in vacuo 
and the crude residue was purified by flash chromatography (60% EtOAc/Polroleum Ether) to afford 70 (SJG-244) as 
a white glass (1 1 6 mg, 83%) which was repeatedly evaporated in vacuo w\h CHC\^ in an attemptto provide the N1 0-C11 
imineform: [a]22^ ^ -1-754.2 (c- 0,54, CHCI3); ^H NMR (270 MHz, CDCI3) (mainiy imine, plus trace of carbinolamine 
form) 5 7.70-7.30 (m. 7H, HC-N and 6H^,^J, 6.84 (s, 1H^,^J, 5.25-5.13 (m, 4H. NCHjC-CH^ and PhCHgO), 4,42 
(br s. 2H, NCH^C^-CH^), 3 95 (s, 3H, QGH^), 3.38-3,66 (m, 1H, NCHHC-N). 3.09 (dd. 1H. .)= 8.98. 16.12 Hz, 
NCH0C-CH.C/-/2). 2.94-2.87 (m. 1 H, NCh^C^-CH^CH^): ""^c NMR (67.8 MHz. CDCI3) 5 1 64,7 (NC=0), 162.6 (HC- N), 
150.6 (C,,i. 148.1 141.6 (Cq,,,,)ri40,5lCq,,t). 136.1 (C,,,,)^ 132.0. 128.7. 128.6, 128.1 and 127.3 (BnC- 

J, 120.1 (Cq,,t). 111 .5(aH3,, J, 111 ,2 (C-H,,,J, 1 09.4 (NCH.C^CH^), 70.8 (PhCHsO), 56.2 (OCH3), 53.7 (NCH- 
HC-N), 51 .3 (NCH2C-CH2). 35.4 (NCH2C-CH2CH2): MS (El), m/z (relative intensity) (imine fonn) 348 (M+", 1 00). 333 
(M CH3, 42), 319 (3). 269 (5), 257 (M^PhCH^, 25), 241 (11). 229 (56), 227 (11), 213 (5), 186 (4), 156 (6), 136 (22). 122 

(4) . 91 ^(PhCH^, 85), 82 (5), 65 (22); IR (NUJOL® ) 331 8 (br, OH of carbinolamine form), 2923. 2853, 1722. 1668. 1600, 
1557, 1504, 1462, 1377, 1261, 1216, 1120, 1003, 892.789, 722,695,623, 542 cm"^; exact mass calcd for C21H20N2O3 
m/e 348.1474, obsd m/e 348.1 469. 

Example 2(c) : Synthesis of MMY-SJG (74. UP2064) (see Fi gure 9) 



(2S)-A^[{2-Allyloxyca^bonylamino)-4,5-aimGthoxyfoenzoyt^2-(fel^-butyldirnethy^s^^y!oxyr^ 
4-methylidinepyrrotidine (71) 

[01 98] Potassium /ert-butoxide (21 .2 ml of a 0.5 M solution in THR 10.6 mmol) was added dropwise to a suspension 
of melhyltriphenylphosphonium bromide (3,78 g, 10.6 mmol) in THF (11 ml_) at 0-C (ice/acetone) under nitrogen. After 
stirring for 2 hours at 0°C, a solution of the ketone 38 (Example 1(e)) (2,0 g. 4,07 mmol) in THF (7 mL) was added 
dropwise and the mixture allowed to warm to room temperature. After stirring for a further 45 minutes the reaction 



[0197] 
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mixture was diluted with EtOAc (60 mL) and water (60 mL). The organic layer was separated, Wrished with brine, dried 
(MgSO^), filtered and evaporated in vacuoio give a dark oil. Purification by flash chror' biography (20% EtOAc/Petro- 
leum Ether) Isolated the pure olefin 71 as a transparent otl (1 .71 g, 86%): ^ '^"^ '-'^ = 0.20, CHCI3); ""H NMR 

(270 MHz. CDClr^) (Rotamers) 6 8 85 (brs. 7 85 (s, 6 82 (s, 1H)^ 6.03-5.89 (m. 1H), 5.35 (ddd, 1H. J - 17.22, 

5 3.11, 1.47 Hz), 5.24 (ddd, 1H. J - 10,44, 275, 1.28 Hz), 4.99^4.92 (m, 2H), 4.70-4.57 (m, 3H), 4.23-3.57 (m, 10H), 
2.72-2.68 (m, 2H). 0.96-0.85 (m, 9H), 0.09-0.03 (m. 6H); ^^C NMR (67.8 MHz. CDCI3) (Rotanners) 5 1687, 153.6, 
150,9, 143.6. 132.5, 132.2, 118.1, 115.3, 110 6, 107.1, 104.3, 657, 63.6, 56,3, 56.0, 33.1, 25 8, 18.1. -5.5 and - 5.6; 
MS (El), m/7 (relative intensity) 492 (M^- + 2, 7), 491 (M-^^ + 1 , 20), 490 (M^-, 50), 475 (4), 435 (10), 447 (3), 434 (29), 
433 (94), 376 (4), 375 (13), 348 (5). 333 (11), 332 (6). 294 (3), 265 (15), 264 (100), 227 (8), 226 (24), 224 (5), 223 (18), 

10 220 (15), 210 (4), 208 (5), 207 (13), 206 (96), 192 (7), 180 (18). 179 (25), 170 (21), 169 (8), 168 (28), 164 (13), 152 
(7), 150 (13), 136 (10), 108 (6), 96 (5), 95 (12), 94 (7), 89 (8), 82 (25), 75 (20). 73 (30), 59 (7), 58 (5). 57 (41), 56 (7), 
55 (4); IR (NEAT) 3324 (br, NH), 3082, 2953. 2930, 2857, 1732. 1600, 1523, 1490, 1464. 1419, 1397, 1360, 1333, 
1287, 1259, 1228, 1203, 1172, 1115. 1039, 1004, 939. 837, 814, 777 666 cm^"'. 

(2S)-/V-[(2-Allyloxycarbonylarnirio)-4,5-dimethoxyben2oyl]-2-(hydroxyrnethyl)-4HTiet^^ (72) 

[0199] A solulion of T3AF (4,29 mL of a 1M solution in THF 4.29 mmoO was added to the sllyl-ether 71 (1.68 g, 3.43 
mmol) in THF (45 mL) at O'C (ice/acetone). The reaction mixture was allowed to warm to room temperature and after 
1 hour TLC (50% EtOAc/Pet-Ether 40''- 60^) revealed the complete disappearance of starting material. Saturated 

^0 NH4CI (110 mL) was added and the reaction mf)(ture extracted with EtOAc (3 X 50 mL), washed with brine (100 mL), 
dried (MgS04), tittered and evaporated in vacuoio give a dark orange oil. Purification by flash chromatography (99% 
CHCIg/MeOH) provided the pure alcohol 72 as a white soHd (1 .1 5 g. B9%): [a]^^^ --13.17^ (c- 0.15, CHCI3); ^1 NMR 
{270 MHz. CDCI3) 6 8.59 (brs, 1H). 7.69 (s, 1H), 6.82 (s, 1H), 6,03- 5,89 (m, 1H), 5.35 {ddd, 1 H, J= 17.22, 3.11 , 1 .65 
Hz). 5,24 (ddd. 1H, J 10.44. 2.75, 1.28 H2), 5.02-4,94 (m. 2H), 4,66-4,62 (m, 3H), 4.23-3.57 (m. 11H),2.77 (dd. 1H, 
J= 15.94, 8.42 Hz), 2.48 (d, 1 H, J - 1 5.94 Hz); "^^C NMR (67.8 MHz, CDCy 6 1 70.3, 153.8. 151.0, 144.2, 143,1. 132.5, 
131.2, 118.1 , 115.9, 110.4. 108.1, 104.9. 65.8, 65.1, 59.8, 56.4, 56.0, 54.2,34.1; MS {E\}, m/z (relative ir>tensfty) 378 
(M^-4 2, 3), 377 (M-^- j 1. 14). 376 + 51). 319 (3), 265 (10), 264 (62). 263 (4), 259 (8), 224 (4), 223 (18). 220 (17), 
208 (5), 207 (14), 206 (100), 192 (8), 190 (5). 180 (27). 179 (29), 178 (4), 164 (23), 163 (4), 152 (12), 151 (6), 150 
(19), 137 (5), 136(22), 135 (6), 125(6), 120 (6), 113 (6), 112 (31), 109 (6), 108(11), 95 (4), 94 (9), 82 (28), 80 (8), 67 

30 (5). 57 (5), 54(7), 53(7); IR (NUJOL® ) 3341 and 3245 (br, OH and NH). 3115, 291 8, 2850. 1727,1616. 1540, 1464, 
1399, 1378, 1351, 1283, 1264, 1205, 1179, 1117, 1055, 1040, 996, 946, 909, 894, 855, 823.. 768, 754, 722, 696, 623, 
602cm-^; exact mass calcd for C19H24N2O5 /n/e 376, 1634, obsd m/e 376.1 614. 

(1 1 SA 1 aSy^ 0-AHyloxycarbonvl-7.8-dimethoxy-1 1 -hydroxy-2-methyndene*1 ,2,3,10,1 1 ,11a-hexahydro-5H- 
35 pyrrolo[2,1-c|[1 ,4]benzodiazepm-5-one (73) 

[0200] A solution of DMSO (0.75 mL, 0.82 g, 1 0.5 mmo!) in CH2Ci2 (27 mL) was added dropwise over 38 minutes 
to a solution of oxalyl chloride (2.64 mL of a 2.0 M solution in CH2C12, 5.27 mmol) at -45°C (liq.N2/Chlorobenzene) 
under a nitrogen atmosphere. 

40 After stirring at -45^C for 1 h, a solution of the alcohol 72 (1 .1 0 g, 2.93 mmol) in CH2CI2 (27 mL) was added dropwise 
over 1 hour at -45''C. Alter 1 hour at -45"C, the mixture was treated dropwise with a solution of TEA (1 .71 mL, 1 .24 g, 
12,29 mmol) In CH2CI2 (15 mL) over4C minutes at -45''C. After a further 30 minutes, the reaction mixture was allowed 
to warm to room temperature and was diluted with CH2CI2 (50 mL), washed with IN HCI (50 mL), H2O (50 mL), brine 
(50 mL). dried (MgS04), filtered and evaporated in vacuo. TLC (80% EtOAc/Petroieum Ether) of the crude material 
revealed reaction compfelion, Purification by flash chromatography (60% EtOAc/Petroleum Ether) furnished the pro- 
tected carbinolamine 73 as a white glass (0.45 g, 41%): [af^o ^ +-236.51 " (c = 0.14, CHCI3): ^H NMR (270 MHz. 
CDCI3) 5 7.23 (s, 1 H). 6.69 (s, 1 H), 5.83-5.81 (m. 1 H). 5.60-5.58 (m, 1 H), 6.34-5,23 (m, 4H). 4, 74-4. 66 (m, 1 H). 4.50-4.40 
(m, 1H), 4.30 (d, 1H, J- 15.94 Hz), 4,15 (d, 1H, J= 15,93 Hz), 3.96-3,86 (m. 7H), 3.65 (t, 1H. J- 8.61 Hz), 2.92 (dd, 
IN, 16.21, 9.07 Hz), 2.70 (d, 1H, J = 15.94 Hz); ^^C NMR (67.8 MHz. CDCI3) 6 166.7, 156.0, 150.8, 148.4, 141.8, 

50 131 ,7, 128,5, 125.2, 118.1 . 112.4, 110.3, 109.8, 85.9, 66.8, 59 6, 56.3. 56.1, 50.7, 35.0; MS (El), m/z (relatfve rntensity) 
376 (M+- r 2, 6), 375 (M^- f 1. 22), 374 (M^\ 100), 346 (5), 293 (8), 288 (10), 271 (5), 265 (11), 264 (67), 248 (5), 237 

(5) , 223 (10), 220 (9), 209 (6), 208 (42), 207 (14), 206 (70), 192 (7), 190 (5), 180(17), 179 (16), 165 (8), 164 (16), 153 

(6) , 152 (10), 150 (12), 149 (7), 137 (6), 136 (10), 135 (5), 125 (8), 110 (8), 108 (5). 94 (5). 83 (5). 82 (59), 80 (7). ; IR 
(CHCl3)3275 (br, OH), 3075, 2936, 2851, 1706, 1624, 1604, 1516. 1457, 1436, 1403, 1368, 1312. 130T 1278, 1262, 

55 1218. 1119, 1074. 1045,940,916,893, 867, 851 , 666, 637 cm^"^; exact mass calcd for C19H22N2O6 374.1 47S, 
obsd m/e 374.1687. 



50 

rjNS[.x:x:iD: <ep 1 i93;^70A2.,i..> 



EP 1 193 270 A2 



(11aS)-73-Dimethoxy-2-methylidene-1 ,2,3,1 1a4etrahvdro-5W-pyrrolo[2,1-c][1,41benzodi (74, 
UP2064, MMY-SJG) 

[0201 J A catalytic amount of tetrakis(lripheny!phosphine)pal!aciium (32,4 mg, 28 1 amol) was added to a stirred so- 
5 lution of the Alloc- protected carbinolamine 73 (0.42 1 A2 mmol). triphenylphosphme (14.7 mg, 56.2 llitioI) and pyr- 
rolidine (83.9 mg, 1 .18 mmol) in CH2CI2 (55 mL). After 2.5 hours stirring al room temperature under a nitrogen atmos- 
phere, TLC (95% CHCI^/MeOH) reveaied the complete consumption of starting material The solvent was evaporated 
in i^acuoand the crude residue was purified by flash chromatography {CHCI3) to afford the novel PBD (74, MMY-SJG, 
UP2064) as ayellow oil which was repeatedly evaporated in vaciio with CHCI3 in order to provide the N10-C11 imine 
10 form (259 nng. 85%): [(xF2^ - +583.14 " (c= 1.42, CHCIa); NMR (270 MHz, CDCl3) 6 7.69 (d, IH, J- 4.39 Hz), 7.51 
(s, 1H), 6.82 (s, 5.2V6,17(m. .-My 4.44-4.23 (m, 2H), 3 96-3 81 (m, 7H), 3.17-3"^08 (m, 1H), 2.95 {d, 1H, J- 14.29 
Hz); NMR (67.8 MHz, CDCI3) 6 164,7, 162.6, 151.5, 147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1 . 
53.8, 51.4, 35.5; MS (El), m/z (relative intensity) 273 (M+--1- 1,16), 272 100), 271 (35), 270 (9), 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6). 226 (5), 212 (3), 192 (4), 191 (16). 165 (4), 164(19), 163 (4), 136(22), 93 (6), 82(7), 80 (3), 
53 (3); IR (NEAT) 3312 (br), 3083, 2936, 2843, 1624, 1603, 1505. 1434, 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895, 837, 786, 696, 666, 594, 642 cm"''; exact mass calcd for C^gHleN^Oa m/e 272.1161, obsd m/o 
272.1154. 

E xample 2(d) : Synthesis of the PBD Dimer SJG-136 (UP2001) (see Figure 10) 

20 

[0202] 



2fi 




30 

{2S)-1 ,1'-[[(Propane-1 ^S-diyOdloxyJbisKa-nitro-S-methoxy-l ,4-phenytene)carbonyl]]bis[2-(ferf- 
butyldimethylsilyloxymethyl)-4-methyljdenepyrrolidine] (75) 

[0203] A catalytic amount of DMF (2 drops) was added to a solution of the dimer acid 44 (0.66 g, 1 .42 mmol) and 

35 oxalyl chlonde (0.31 mL, 0.45 g, 3.55 mmol) in THF (12 mL). The reaction mixture was stirred for 16 hours under 
nitrogen, concentrated in vacuo, and redissolved In THF (1 0 mL). The resulting solution of i?/s-acid chloride was added 
dropwise to the amine 58 (0 65 g, 2.86 mmol)^ H2O (0.84 mL) and TEA (0.83 mL, 0.60 g, 5.93 mmol) in THF (2 mL) 
at O'^C (ice/acetone) under nitrogen The reaction mixture was allowed to warm \o room temperature and stirred for a 
further 2 hours al which time TLC (EtOAc) revealed reaction completfon, After removal of the THF by evaporation in 

40 vacuo, the residue was partitioned between HgO (100 mL) and EtOAc (100 mL). The aqueous layer was washed with 
EtOAc (3 X 50 mL), and the combined organic layers washed with saturated NH4CI (100 mL), brine (100 mL), dried 
(MgS04), filtered and concentrated in vacuo to gfve the crude product as a dark orange oil, Purification by flash chro- 
matography (50% EtOAc/Petroleum Ether) afforded the pure amide 75 as a pale yellow glass (0.93 g, 74%): [a]^ V 
"•51.1 " (c- 0,08, CHCI3); ^H NMR (270 MHz, CDCI3) (Rotamers) 5 7.77 and 7.74 (s x 2, 2^^,^^), 6.81 and 6.76 (s x 

^5 2. Shalom)- 5.09-4.83 (m, 4H, NCH2C-C/^2). (m, 2H, NC/-/CH20TBDMS), 4.35-4.31 (m, 4H, OC^/2CH2CH^). 

4.08-3.74 (m, 14H, NCHCW^OTBDMS, NCH2C-CH2 and OCH3), 2.72-2.45 (m, 6H, NCH2C=CH2CH2 and 
OCH2C^/2CH20), 0.91 and 0.79 (s x 2, 18H. 810(0^3)3), 0.09, -0.09, and -0. 1 2 (s x 3, 12H, S\{OH^^\) \ "^^C NMR (67.8 
MHz, CDCI3) (Rotamers) h 166,2 (NC-O). 154.7 and 154.5 (C^^^^, 148,4 and 148.2 (C^^jat)' 144.l"and 143.2 (C^^^^), 
137.2 {CqucJi "I^S.S and 127.4 (C^^a,), 110.1 and 108.6 (C-H^.^J, 109.1 and 108.3 (C-\\,^^). 107.5 (NCHaC-Chy, 

50 65.7 and 65.5 (OChisCH^CHsO), 63.9 and 62.6 (NCHCH2OTBDMS), 60.2 (NCHCH2OTBDMS), 58.1 and 56.6 (OaHg), 
52.8 and 50.5 (NCH2C=CH2), 35.0 and 33 9 (NCH2C-CH2CH2), 30.8 and 28,6 (OCH2CH2CH2O), 25.8 and 25.7 (SiC 
(^^3)3) 18 2 (SiC(CH3)3), 5.5 and 5.6 (81(0^3)2); MS (El), m/i' (reiativo intensKy) 885 7), 828 (M-^Bu, 100), 

740 (M-CH2OTBDMS, 20), 603 (3), 479 (26), 391 (27), 385 (25), 301 (7), 365 (10), 310 (14), 226 (8), 222 (13), 170 
(21), 168 (61), 82 (39), 75 (92); IR (NUJOL(S) ) 2923, 2853, 2360, 1647, 1587, 1523 (NOg). 1461, 1429, 1371, 1336 

55 (NO2), 1277,1217, 1114. 1061, 1 021 , 891 , 836 772, 739 cm"l. 
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(2S)-1,1'-[[(Propane-1,3-diyl)dioxy]bis[(2-nrtro-5^methoxy-1 ,4"phenylene)carbony!]]bis[2-(hydroxymethyl)- 
4-methyridenepyrrolidine] (76) 

[0204] A soiutton of TBAF (3.98 mL of a 1 M solution in THR 3.98 mmol) was added to the te-silyl elher 75 (1 ,41 g, 
1 ,59 mmol) in THF (35 mL) at O^C (ice/acetone). The reactton mixture was allowed to wamn to room temperature and 
after a further 30 minutes saturated NH4CI (120 mL) was added. The aqueous solution was extracted with ElOAc (3 
X 80 mL). washed with brine (80 mL), dried (MgS04). filtered and evaporated in vacuo to give a dark orange oil which 
was purified by flash chromatography (97% CHCSs/MeOH) to provide the pure diol 76 as a light orange solid (0,98 9, 
94%)' [al^^D- 31 9*^ (c- 0 09. CHCIo): NMR (270 MH.:, CDCI3) (Rotamers) 5 7.75 and 7.71 (s x 2, 2H^,om)- 6 96 
and 6 84 (s X 2. J, 5.08. 5.02 and 4.88 (br s x 3. 4H, NCHgC-^CH^). 4.61-4.50 (m, 2H, NCAVCH^OH), 4.35-4.33 
(m 4H OCH0CH.CH2O), 4,02-3.65 (m, 14H. NCHCH^OH. NCH^O^CH^ and OCH3). 2.88^2.43 (m, 6H. 
NCH.C^-CH^CH^ and OCH^CH^CH^O); ^^C NMR (67.8 MHz. 00013) (Rotamers) 5 167,9 and 166.9 (NC^O), 154.9 
and 154.3 (C^,,.)- 1^8-4 and 148,2 (C,,^,). 143 3 and 142.6 (C^,,,)^ 137.2 and 137.0 {C^^J, 127.6 and 127.3 (C^,^,), 
1 09 1 (C-hJj J 08,4 (NCH^C^CH^). 1 08.2 (C-H,_). 65,6 and 65.4 (OCH,CH,CH2^^ 

60 5 and 60 0 (NCHCH.OH), 56,8 and 56,7 (OCH^h 52.9 (NO-isC-GH^). 35.0 and 34.3 (NGH2C:-CH2CH2). 29.6 and 
28 6 (OChl^CTH^CH^OV MS (FAB) (Relative Intensity) 667 + 1, 10), 639 (M^OH, 2), 612 (1), 544 

(M-NCH2CCH2CH2CHCH2OH, 4), 539(1), 449 (16), 433(9). 404 (8). 236 (32), 1 66 (65), 151 (81), 112 (82). 82 (100); 
IR (NUJOL®) 3600-3200 (br, OH). 2923. 2853, 2360. 1618, 1582, 1522 (NO^). 1459, 1408, 1375, 1335 (NO^), 1278, 
1218, 1061, 908, 810, 757 cm'^ 

(2S)"1 ,r '[[(Propane-1 ,3-diy Odioxy]bis[(2 amino-5-methoxy-1 AP»ienylene)Mrbony!]]b 
4-methylidenepyrroUdlrie3 {77) 

[0205] A mixture of the diol 76 (0.98 g. 1 .49 mmol) and SnCl2.2H20 (3.36 g J 4 9 mmol) in MeOH (35 mL) was heated 
at reflux and the pmgreas of the reaction monitored by TLC (90% CHCis/MeOH). After 45 minutes, the MeOH was 
evaporated in vacuo and the resulting residue was cooled (ice), and treated carefully with saturated NaHCOg (120 
mL). The mixture was diluted with EtOAc (120 mL), and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through ceiite. The organic layer was separated, washed with brme (100 mL), 
dried (MgSO-) filtered and evaporated in vacuo to give a brown soiid. Flash chromatography (95% CHCIs/MeOH) 
afforded the pure Ms-amine77 as an orange solid (0.54 g, 61%): fa]^ V - -31 .8 (c-0.30. CHGI3): NMR (270 MHl, 
GDCI3) 5 6.74 (s. 2H,,, J, 6.32 (s. 2H,,,J, 5.00 (br s. 2H. NCHsC^CH.), 4.93 (br s, 2H. NCH^C^CH.), 4.54 (br s, 2hL 
NCHCH.OH) 4 24-4.14 (m, 4H, OCHcGH^CH^O), 3.98 3.50 (m, 14H. NCHC^f^^OH, and OCH3).. 2.76 

(dd, 2H. J = 8.61. 15,91 Hz, NCH^C^-CH^CH^), 2.46-2.41 (m, 2H, NGH^C^CHsCH^), 2.33-2.28 (m. 2H, 
OCH^CH^H.O): l^C NMR (67.8 MH?, CDCI3) 5 171.0 (NC-O), 151.0 (C^^J^ 143.5 (C^„J. 141.3 (C^^J, 140 6 
(n'x 112.4 (C^H^J, 111 9 (n,,»), 107.8 (NCH^C^-CH,), 102.4 (C-H_), 65.2 (OCHsCH.CH^O), 65^0 
{NCHCH2OH) 59.8 (NGHCH2OH), 57 1 (OCH3), 53.3 (NCH^C^CH^), 34.4 (NCH2C=CH^C^2)- 29,0 (OCH^CH^CH^O); 
MS (FAB) (Relative Intensity) 596 (M>^ 13), 484 (M-NCH2CCH^CH2CHCH20H. 14), 389 (10)^ 371 (29), 345 (5). 224 
(8) 206 (44) 166 (100). 149 (24). 112 (39). 96 (34), 81 (28); IR (NUJOL® ) 3600-3000 (br OH), 3349 (NH2): 2922, 
2852. 2363,1615. 1591 (NH^), 1514. 1464, 1401, 1359, 1263, 1216, 1187, 1169. 1114, 1043. 891 . 832, 761 cm-l. 

(2S,4fl)&{2S,4S)-1 ,1 '-[[(Propane-1 ,3-diyt)dioxy]bis[(2-ammo^5-methoxy-1 ,4-ph€nylene)carbony t]]bis 
[2-(hy d roxy methy l)-4-met hy I py r ro lid i ne} (77) . 

[0206] A solution of hydrazine (23 mg, 23 uL, 0.72 mmol) in MeOH (5 mL) was added dropwise to a solution of the 

dio! 76 (!^5 mg. 0.145 mmoE) and Raney Ni (20 mg) in MeOH (15 mL) heated at reflux After 1 hour at reflux TLG (90% 
CHGlg/MeOH) revealed some amine formation. The reaction mixture was treated with further Raney Ni (20 mg) and 
hydrazine (23 mg, 23 u.L. 0,72 mmol) in MeOH (5 mL) and was healed al reflux for an addUional 30 minuLes al which 
point TLG revealed complete reaction. The reaction mixture was then treated with enough Raney Nt to decompo.se 
any remaining hydrazine and heated at reflux for a further 1 .5 hours. Following cooling to room temperature the mixture 
was filtered through a sinter and the resulting filtrate evaporated in vacuo. The resulting residue was then treated wilh 
CH2CI2 (30 mL), dried (MgS04), filtered and evaporated in vacuo to provide the bis amine (77) as a yellow oil (54 mg, 
63%); -^H NMr'(270 Mhiz, CDCLj) (diastcreoisomers) 5 6.73 (s, 2H^rom)^ 6.32 (s, 2H,,,^J, 4.60-4.30 (m. 2H, 
NCHGHoOH) 4 19 (t J = 5 87 Hz. OCH.CH^CH^O) 3.78-3.50 (m, 14H, NGHCH^OH. NCH2CHGH3 and OCHg), 
2 40-1 55 (m. BH, NCH.CHCH3, OCH^CH^CH^O and NCH2CHCH3G^/2)> 1 00-0.95 (m, 6H. NCHgCHCH.); MS (El), 
m/i' (relative intensity) 600 (M -. 16). 459 (46), 345(16).. 206 (13). 186 (17). 180 (31), 166 (37), 149 (6), 142 (76), 100 
(6), 98 (13), 97 (29), 84 (81). 69 (7). 55 (100). 
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(2S)-1,r-[[(Propane-1,3-dlyl)dioxyJbis[(2-aUyloxycarbonylamino-5-methoxy-1,4-phenylene)caTbonyl]lbt 
[2-{hydroxymethy!)-4-methyl idenepyrrot id i ne] (78) 

r0207I Pyridine (0 47 mL 0.46 g, 5.82 mmol) was added to a stirred solution of the bis-amine 77 (0.857 g, 1 .44 rrmol) 
in CH,CU (30 mL) at O^C (ice/acetone). The cool mixture was then treated dropwise with a solution ot ally I chloroformats 
(0 33 ml 0 38 g 3.15 mmol) In CH,Ctj, (10 mL). After2.5 hours stirring at room temperature, the mixture was diluted 
with CHpCI, (60 mL). washed wfth IN HCl (2 X 50 mL), H^O (80 mL), brine (80 mL). dried (MgSO,), filtered ar>d evap^ 
orated ,n vLuo. The crude residue was purified by flash chromatography (70-100% EtOAc/Petroleurn Ether) to afford 
the allyl cartamale compound 78 as a slightly orange glass (0.548 g, 50%): 1H NMR (270 MHz, CDCI3) b 8,58 (br s, 
2H, N%, 7.56 (s, 2H_). 6.78 (s, 2H,_), 6.03-5.88 (m, 2H, NCO,CH,C/^CHa)^ 5^39-5^21 (rn,^ 4^^ 
NCO,CH,CH--CH,),5.00(brs,2H,NCH,C=CH2),4.93(brs,2H,NCH3C=CH,),4.70-4.57{m 

4 30-4 25 (m 4H. OCH.CH^CH.O). 4.17-3,90 (m. 8H, NCHCH^OH and NCH^C^CH^), 3.81-3.54 (m, 8H, NCHCH^OH 
and OCHj). 2.76 (dd, 2H, J= 8^52, 15.85 Hz, NCHjC=CH2CH,), 2,49-2.44 (m, 2H. NCHaC^CH^CH^)^ 2^36-2 28 (m^ 
2H OCHoCHoCHoO); ^^C NMR (67.8 MHz, CDCI3) 5 170.3 (NC=Oa„,de), 1 53 8 (NC=.0^,rt,amaic): 150.5 {0^^^{): 144^H 
(C ,) 143 UC ,) 132.5 (NCOoCH,CH..CHp), 1307 (C,,,,): 118-1 (NCOsCH^CH^CHa), 116.8 (C^,,,)- "0 9 (C- 
H " ' 08 1 ,NCH C=CH,) 106,9 (C-H._), 6l.7 (NCO,C>H,CH=CH,), 65.4 (OCH,CH,CH,0). 65.1 (NCHCH.OH^ 
(NCHCh' OHV'56,5 (OCH3), 53.9 (nS^^C^CH,), 34.2 (NCH.C^CH.CH^), 29.7 and 29.2 (OCH,CH,CH,0 , MS 
(FAB) (Relative Intensity) 765 (M- + 1, 10), 652 (M NCH^CCH^CH^CHCH^OH, 32), 594 (4), 539 (2), 481 (51), 441 
(31), 290 (3), 249 (13), 232 (38), 192 (83), 166 (49), 149 (32), 114 (100). 

1,1-[[(Propane-1,3-diyl)dioxy]bis[(11S,11aS) .i0-(allyloxycarbonyl)-11-hydroxy-7-methoxy-2-methylidene- 
1 |2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-c][1,4]ben2odiazepin-5-one] (79) 

ro2081 A solution of the b/s-alloc compound 78 (150 mg, 0.196 mmol) in CH.CyCHsCN (12 mL, 3:1) was treated 
with 4 A powdered molecular sieves (0.2 g) and NMO (70 mg, 0.598 mmol). After 1 5 minutes ^"''•'^"3 at room temper- 
ature TPAP (7 mg 19.9 iimol) was added and stirring continued for a further 2 hours at which timeTLC (95 /.> CHCI3/ 
MeOH) indicated formation, of the fully cyclised product along with the presumed semi-cyclised product 79, and unre- 
acted starting material 78 present in the reaction mixture The mixture was then treated with a further quantity of NMO 
(35 mg 0 299 mmol) and TPAP (3.5 mg, 9.96 ,.mol). and allowed to stir for a further 0.5 hours when TLC revealed 
reaction completion. The solvent was evaporated in vacuo-au6 the black residue was subjected to ^^^f''^l°^f;i°^'^^^^ 
(98% CHCU/MeOH) to provide the pure protected carbinolamine 79 as a white solid (47 mg, 32%): H NMR (270 MMZ, 
CDCI3) 6 7 23 (s. 2H,„^), 6.74 (s, 2H3,, J, 5.90-5.65 (m, 2H, NCO,CH,C^CH,), 5,57 8^24 H;^ NCH- 

CHOH), 5 26-5,07 (m. 8H, NCH.C^CH, and NCO,CH,CH=CH^), 4.67-4,10 (m^14H NCO,CH^H=CH 
NCH,C=CH„ OCH^CH.CH^O and OH), 3,89 (s, 6H, OCH,), 3,63 (r^. 2H, NCHCHOH), 2.91 (^d. 2H. J^8,79^ 1S76 
HZ, NCH,C:CH,Ca), 1,68^, 2H, 16,10 Hz, NCH,C.CH,CH,) 2 42-2.24 ' ^^^^^^^^^^^^^ 

(67.8 MHZ. CDc!3) 6 166.7 (NC=0,,,^). 150.1 (C,„,,), 149.0 (C,,^, 141 7 (C,„J, 1 31 ^j^^<^2C^J^»=C^2l 130.6 

C ) 128 9(C ,) 128 8(C„„„,),Tl8.3(NC02CH2CH=CH,), 11 4 7 (C-H,„ J, 1 1 0.7 {C-H,„^), 1 09.8 (NCHgC^CH^), 
SST SS^^ 66.0 (OC^.CH,CH,0), 59.7 (NCHCHOH). 56.1 (OCfH^ 507 

(NCH2C-CH2). 35.0 (NCH2C.CH2CH,), 29.7 and 29.1 (OCH^CH^CH^O); MS (FAB) (Relative Intensity) 743 (M- - 1 7, 

6) 725 (17) 632 (13) 574 (B). 548 (13), 490 (10), 481 (9), 441 (7), 425 (6), 257 (12), 232 (20), 192 (46). 166 (52), 
149 (100), 91 (59): IR (NUJOL® ) 3234 (br, OH), 2923, 2853, 2361, 1707, 1604, 1515, 1464, 1410, 1377, 1302, 1267, 
1205, 1163, 1120, 1045, 999, 955, 768, 722 cm-\ 

1 ,1 -[[{Propane-1 ,3-diyl)dioxy]bis[(1 1 aS)-7-methoxy-2-methytidene-1 ,2,3,1 1 a-tetratiydro-5H-pyrrolo[2,1 -c][1 ,4] 
benzodiazepirr-S-one] (80, SJG-136) 

r0209l A catalytic amount of letrakis(triphenylphosphine)paHadium (11 mg, 9.52 ^i^lol) was added to a stirred solutiort 
of the fc,s-al1oc-caibinolamine 79 (139 mg, 0.183 mmol), iriphenylphosphine (4.8 mg, 18.3 ^mol) and pyrrolidme (27 
mg, 0.380 mmol) in CHsCVCHsCN (13 mL, 10:3) at 0"C (ice/acetone) under a nitrogen atmosphere^ The reaction 
mixture was allowed to warm to room temperature and the progress monitored by TLC (95% CHCIa/MeOH), After ^ 
hours 15 minutes TLC revealed the reaction was complete, proceeding wathe presumed half imine product 261 to 
give a TLC spot which ftuoroscod brightly under UV. The solvent was evaporated in vacuo and the resulting residue 
subjected to flash chromatography (98% CHCI3/M0OH) to give the Ws-imine target molecule 80 (SJG-1 36) as a pale 
orange glass (78 mg, 77%) which was repeatedly evaporated in vacuo with CHCI3 to provide the imine fonm: \a] o ~ 
+357 7 " = 0 07 " CHCI3); Reverse Phase HPLC (C4 stalionaty phase, 65% MeOH/HaO mobile phase, 254 nm) 
Retention time = 6 27 minutes. % Peak area = 97,5%: 1H NMR (270 MHz, CDCI3) (imine fonr.) 8 7,68 (d, 2H 4,4 
H7, HC=N), 7.49 (a. 2H,,,J, 6.85 (s, 2H,_), 5.20 (s, 2H, NC^^C^CH^). 5.17 (s, 2H, NCH,C=CH£, ^ 46-4 19 (m, 
4H OCHXH2CH2O), 3.92 (s, 6H. OCH3). 3.89-3.68 (m. 6H, NCH2C=CH2 and NCHHC=N), 3.12 (dd. 2H, J= 8.61. 
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16 21 H7. NCH2C=CH2CH2), 2,68 (d, 2H, J= 16 30 Hz, NCHsC^CHjCH^), 2.45-2.38 (m, 2H, OCHgCHaCHaO); 13C 
NMR (67 8 MHz CDCI3) (imine form) 8 1 64.7 (NC=0), 1 62.6 (HC=N), 1 50.7 (Cq^ai). 147.9 (Cq^at). 141 .5 (Cq^a,), 140.6 
(C,,,,). 119.8 (C_a 111.5 (C.H,,„„). 110.7 (C-H,„J, 109.4 (NCHaC^CHs). 65.4 (OCH^CH^CHsO) 56.1 (OCHj)^ 
S3 8 (NCHHC=N). 51 .4 (NCH2C=CH,). 35,4 {NCH:,C=CH2CH^) . 28 8 (OCH^CHaCHp): MS (FAB) (Relative Intensity) 
(imine form) 773 (M+- + 1 + (Thioglyceroi adduct X 2), 3), 665 (M+- + 1 + Thioglycerol adduce 7), 557 (M+- + 1,9). 464 
(3) 279 (12), 257 (5), 201 (5). 185(43), 166 (6), 149 (12), 93 (1 00); IR (NUJOL® ) 3600-3100 (br OH of carbinolamine 
form), 2923, 2B49, 1599, 1511, 1458, 1435, 1391, 1277, 1228, 1054, 1011, 870, 804, 761,739 cm-i. 

Alternative Synthesis of UP2001, SJG-136 (BO) (see Figure 11) 

[0210] UP2001 was also prepartd by an alternative synthesis based Xhe bis -ketone 52 (see Example 11(f)). 

1 .1 '-[[{Propane-1 ,3-diyl)dioxy]bis[2-amir»o-N-allyloxycarbonyl-5-methoxy-1 ,4.phenylene)carbonyl]l-bis[(2S)- 
2-f-butyldlmethvisilyioxymethyl-4-methylidene-2,3-dlhydropyrrole] (206) 

1021 11 A solution of potassium-(-butoxlde In dry THF (0.5 M, 4.00 mL, 2.00 mmol) was added to as suspension of 
meihyltriphenylphosphonium bromide (0.71 6 g, 2.00 mmol) in dry THF (2.00 mL). The resulting yellow ylide suspension 
was allowed to stir at CC for 2 hours before ifie addition of a solution of the bis-ketone 52 (0.50 g, 0.50 mmol) in THF 
(10 mL) al 10""C. The reaction mixlure was allowed 10 warm to room temperalure and slirring was continued for a 
further hour. 

The reaction mixture was partitioned between ethyl acetate (15 mL) and water (15 mL) and tlie organic layer was 
washed the sat sodium chloride (20 mL) and dried over magnesium sulphate. Removal of excess solvent gave a brown 
oil that was subjected to flash column chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) to afford the 
product as a yellow glass 206 (250 mg, 51%), [afS 4 ^ = .32 " (c 0,265, CHCI3), NMB (CDCI3): 5 0,00 (s, 12H), 0,88 
(s. 18H), 2,37-2 40 (m. 2H), 2,69-2,75 (m, 4H). 3.80-4.62 (m, 20H), 4.61-4,63 (m, 4H), 4.98 (bs, 4H), 5.30-5,38 (m, 
4H), 5,94-6,00 (m, 2H), 6,81 (s, 2H), 7 84 (s, 2H), 8,80 (bs, 2H), 

1,V.[[(Propane-1.3-diyl)dloxy]bis[2-amino-N-allyloxycarbonyl-5-mcthoxy-1,4-phenylene)carbonyll]-bis[(2S)- 
2-hydroxymethyt-4-methylidene-2,3-dihydropyrroie] (78) 

[0212] An aliquot of hydrogen fluoride/pyndine complex (0 8 mL. 70% HF, 30% pyridine) was added to a solution of 
the bis-silyl ether 206 (285 mg. 0 287 mmol) in THF (1 0 mL) at O^C under a nitrogen atmosphere. Stirring was continued 
at O-^C for 30 minules and the reaction mixture was then allowed to rise to room temperature over a 1 hour period The 
reaction mixture was neutralised with sodium bicarbonate and extracted with dichloromethane (3 x 30 mL), The com- 
bined organic phase was washed with brine and dried over magnesium sulphate. Removal of excess solvent under 
reduced pressure afforded the product 78 as a yellow gum (21 8 mg). 

1,1[[(Propane-1,3-dlyl)dioxy]tais(11S,11aS)-10-(allyloxycarbonyl)-11-hydroxy-7-methoxy-2-methylidene- 
1 '2,3,1 0,1 1,11a-hexahydro-5H-pyrrolo[2,1-c] (1,4-benzodlazepin-5-one] (79) 

[0213] A solution of dimethyl sulphoxide (0,55 mL, 7,75 mmol) in 6ry dichloromethane (10 mL) was added dropwise, 
over a 15 minute period, to a stirred solution of oxalyl chloride (0,32 mL, 3,67 mmol) in dichlommethane (10 mL) at - 
450c under a nitrogen atmosphere. The reaction mixture was allowed to stir for 35 minutes at - 45° C followed by 
addition of the diol 78 (1,01 g. 1,32 mmol) in dichloromethane {10 mL), at the same temperature, over lb minutes^ 
After a further 45 minutes a solution ol triethylamine (1,50 mL, 10.76 mmol) in dichloromethane (10 mL) was added 
over a period of 15 minutes. The reaction mixture was allowed to stir at - 45°C for 30 minutes before being allowed to 
warm to room temperature over 45 minutes. The reaction mixture was dilulod with water and the phases were allowed 
to separate. The organic phase was washed with 1M HCI (3 x 50 mL), sal. sodium chloride [50 mL) and dried over 
magnesium sulphate. Removal of excess solvent yielded the crude product, which was purified by flash column chro- 
matography (1.5% methanol, 98.5% chlorofonn) to afford the product 79 (0.785 g, 77%). 

1 ,1-[[(propane-1 ,3-diyl)dioxy]bis[(11aS)-7-melhoxy-2-methylldenc-1 ,2,3,11a.tetrahydro-5H-pyrrolo[2,1-c] [1,4] 
benzodlazein-5-one] (80, SJG-13e) 

[0214] A catalytic amount of tetrakis(triphenylphosphine)palladium (21 mg, 0,018 mmol) was added to a stirred so- 
lution of the b,s-alloc-cart>inolamine79 (250 mg, 0.33 mmol) iriphenylphosphine (10 mg, 0.033 mmol) and pyrrolidine 
(0 05 ml 0 66 mmol) in dry CHaClg (30 mL) at 0°C (ice/acelone) under a nitrogen, atmosphere. The reaction mixture 
was allowed to stir for 2 hours before warming to room temperature over 1 hour.. The solvent was evaporated under 
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rebuced pressure and the resultrng residue subjected to Nash chromatography (98% CHCIg/MeOH) to give the bis- 
jmine target molecuie 80 (SJG-136). 

Example 2(e) : Synthesis of 1 ,1T[(pentane-1 ,5-diyl)dioxy ]b isr(11aS)-7-methoxv-2-methytidene-1 .2,3.1 1a- 
5 tetrahydrO"5H-pyrroioI2,1-c][1 ,4]benzodiazepin"5-one] (218) (see Ftgure 12a/b) 

[0215] 



10 




prepa ration ot Nitro DimerCore 

i\5'-Bis[2-methoxy-4-(methoxycarbonyl)phenoxy]pentane (206) 

[0216] Neat diethyl azidodicarboxylate (19 02 mL, 21 04 g, 120.8 mmol) was added dropwise over 30 minutes to a 
stirred solution of methyl vanillate (206) (20 g, 109.8 mmol) and triphenylphosphine (43.2 1 64.7 mmol) in anhydrous 
p (4Q0 niL) and the reaction mtxturc was allowed to stir at O^Cfor 1 h, The cold reaction mixture was treated dropwise 
over 20 minutes with a solution of 1 ,5^pentanedioi (207) (3.83 mL, 4.03 g, 53.0 mmol) in THF (4 mL), The reaction 
mixture was allowed to slir overnight at room temperature and the precipitated product (208) was collected by vacuum 
fittratior^ Dilution of the fHtrate with methanol precipitated further product (208). The combined precipitate (12,3 g, 52 
% based on pentanediol) was used in the next step without further purification: "^H NMR (270 MHz, CDCI3) 6 7,66 (dd, 
2H, J= 2.01 . 8 4? H7) 7 54 (d. J= 2 01 Hz). 6.87 (d, 2H. J= 8.42 Hz), 4.10 (t, 4H. J- 6.59 H7), 3.90 (s, 6H), 3 89 
30 (s, 6H), 2.101 ,90 (m. 4H), 1 .85-1 .26 (m, 2H), 

1',5'-Bis[2-methoxy-4-(mcthoxycartaonvl)"-5-nitrophenoxy)pentane (209) 

[0217] Solid copper (II) nitrate trihydrate (16.79 69.5 mmol) was added slowly to a stirred solution of the bis-cster 
35 (208) (12 g. 27.8 mmol) in acetic anhydride (73 mL) at 0"C. The reaction mixture was allowed to stlrior 1 hour at Q°C, 
the ice bath was removed and the reaction mixture was allowed to warm to room tennperature a mild exotherm, c. 

40"C, accompanied by the evolution of NO2 occurred at this stage. After the exotherm had subsided stirring at room 
temperature was continued for 2 hours. The reaction mixture was poured into ice water and the aqueous suspension 
allowed to slir for 1 h. The resulting yellow precipitale was cohected by vacuum f iltrat^on and dhed in air to afford the 
40 desired bis nitro compound (209) (14.23 g, 98 %): ^H NMR (400 MHz. CDCI3 + DMSO) 6 7.45 (s, 2H), 7,09 (s, 2H), 
4.14 (t, 4H, 6.31 Hz), 3 97 (s, 6H), 3.90 (s, 6H), 2.20-1 .94 (m, 4H), 1.75-1,70 (m, 2H). 

1',5'-Bis(4-carboxy-2-methoxy-5-nitrophenoxy) pentane (210) 

45 [0218] A suspension of ihe ester 209 (9.0 g, 17.2 mmol) in aqueous sodium hydroxide (1 M, 180 mL) and THF (180 
mL) was allowed to stir until a homogenous solution was obtained (2 days). THF was evaporated under reduced 
pressure and the resullfng aqueous suspension was fiHered to remove any unreacled starling materia!. The filtrate was 
adjusted to pH 1 the precipitated product was collected by filtration and air dried to afford Ihe desired bis-acid (210) 
(8.88 g). A higher than theoretical yield was obtained due to the inclusion of the sodtum salt of acid. The satt may be 

50 removed by dissolving the bulk of the material in THF and removing the insoluble material by filtration: ^H NMH (400 
MH7, CDCI3) 6 7.39 (s. 2H). 716 (s, 2H). 4.12 (t, 4H. J 6.59 Hz). 3.95 {s. 6H), 2.00-1.85 (m. 4H), 1.75^1 .67 (m, 2H). 

Assembling the Bis Ketone IntGrmediate 

55 1 ^1 '-[[(Pentane-1 ,5^d(yl)dioxy]bis[2-njtro-5-methoxy-1 ,4-phenylene)carbonyl]]-bls[{2S,4/7)-2-t" 
butyldimethylsilyloxymethyl-4-hydroxypyrrondtne] (211) 

[0219] A catalytic amount of DMF (5 drops) was added to as stirred suspension of the acid 210 (5.39 g. 10.9 mmol) 
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and oxatyl chloride (3.47 g, 2.38 mL. 27.3 mmol) in anhydrous THF (50 mL). Initial effervescence wp.s obsen/ed followed 
by the formation of a homogenous solution, however after stirring overnight a suspension of the newly formed acid 
chloride was formed. Excess THF and oxalyl chloride was removed by rotary evaporation under reduced pressure and 

the acid chloride was resuspended in fresh THF (49 mL). The acid chloride solution was added dropwise to a solution 
5 of Ihe (2S, 4R)"2-^f-butyldimethylsilyloxymethyl-4-hydroxypyrrolidtne (2) (6.3 g, 27.3 mmol), trielhylamine (4.42 g, 6.09 

mL, 43.7 mmol) and water (1 ,47 mL) in THF (33 mL) at O^C under a nitrogen atmosphere. The reaction mixture was 

allowed to wamn to room temperature and stirring was continued for 3 h. Excess THF was removed by rotary evaporation 

under reduced pressure and the resulting residue was partitioned between water (300 mL) and ethyl acetate (300 mL). 

The layers were atlowed to separate and the aqueous layer was extracted with ethyl acetate (3 x 1 50 mL) . The combined 
10 organic layers were then washed with ammonium chlohde (150 mL), sat. sodtum bicarbonate (150 mL), brine (150 

mL) and dried over magnesium sulphate, Fittration followed by rotary evaporation under reduced pressure afforded 

the crude product as a dark oil. 

The crude product was subjected to flash column chromatography (3% methanol, 97% chloroform) and removal of 
excess eluent isolated (211) (3 70 g. 37% yield): NMR (270 MHz, CDCI3) 5 7.65 (s, 2H), 6.77 (s, 2H)^ 4.52 (bs, 2H), 
15 4.40 (bs, 2H), 4.17^4.10 (m, 6H), 3.92 (s, 6H). 3,77 (d, 2H. J- 10.26 Hz), 3,v32 (td, 2H, J- 440. 11.35 H?), 3.08 {d, 
2H, J- 11,35 Hz), 2 37-2.27 (m, 2H). 2.10-2.00 (m.. 6H), 1 .75^1 .60 (m, 2H), 0.91 (s, 18H), 0.1D (s, 12H). 

1 ,1 ^-[[(Pentane-1 ,5-diyl)dioxy]bfs[2-ammO"5-methoxy-1 ,4-phenylene)carbonyl]]-bis[(2S,4fl)-2-t- 
butyidimethy Is ilyloxymethyM- hydroxy pyrrolidine) (21 2) 

20 

[0220] A methanolic solution of hydrazine hydrate (1 .25 mL, 1 .29 g, 40.2 mmol of hydrazine, 20 mL of methanol) 
was added dropwise to a solution of the bis-nitro compound 21 1 (3,6 g, 3 91 mmol) in methanol (63 mL) gently refluxing 
over Raney nickct (51 0 mg of a thick slurry). After 5 minutes at reflux TLC (10% MeOH, 90% chloroform) revealed the 
fncomplotG consumption of starling materiaL The reaction mixture was treated with additional Raney nickel (c 51 0 mg) 

25 and hydrazine (1 .25 mL) in methanol (20 mL) resulting In complete consumption of starting material. Excess Raney 
ntckel was added to the reaction mixture to decompose unreacted hydrazine hydrate and the reaction mixture was 
then allowed to cool. The reaction mixture was filtered through celite to remove excess Raney nicke! and the filter pad 
washed with additional methanol (Caution! Raney nickel is pyrophoric, do not allow filter pad to dry, use cone. HCI to 
destroy nickel) The combined filtrate was evaporated by rotary evaporation under reduced pressure and Ihe residue 

30 re-dissofved in dichloromethane. The dichloromethane solution was dried over magnesium sulphate (to remove water 
associated with the hydrazine), filtered and evaporated to afford the product (212) as a foam (3.37 g, 91%): ^H NMR 
(270 MHz, CDCI3) 5 6.69 (s, 2H), 6.24 (s. 2H), 4.40-3.40 (m. 28H). 2.40-1 .60 (m, 10H). 0.88 (s, 18H), 0.03 (s, 12H), 

1 ,1 '-[[(Pentane-1 ,5-dlyl)d[oxy]bls[2-amino-N-a!ly1oxycarbonyi-5-methoxy-1 ,4-phenylene)carbonyll]-bi5[(2S, 
55 4/7)-2-t-butyldimethylsilyloxymethyl-4-tiydroxypyrrond'me] (213) 

[0221] A solution of ally! chlorofomnate (0.806 mL. 0.916 7.6 mmol) in dry dichloromethane {63 mL) was added, 
dropwise, to a solution of the bis-amine 212 (3.27 g, 3.8 mmol) and pyridine (1.26 g. 1.29 mL, 15.9 mmol) in dichto- 
romethane (1 28 mL) at O^C under a nitrogen atmosphere. The reaction mixture was allowed to warm to room temper- 

40 ature and to stir for 16 h. At which time TLC (10% MeOH, 90% Chloroform) revealed reaction to be complete. The 
reaction mixture was diluted with dichloromethane (40 mL) and washed with sat. copper 11 sulphate (2 x 1 40 mL), water 
(120 mL) and sat. sodium chloride (120 mL). The organic phase was dried over magnesium sulphate, filtered and 
evaporated under reduced pressure to afford 213 as a foam (3.60 g. 92%); "^H NMR (270 MHz, CDCI3) 5 8.87 (bs, 2H), 
7.66 (s, 2H), 6 /7 (s, 2H), 5.05-5.80 (m, 2H), 5.40-5.15 (m, 4H), 4.70-4.50 (m, 6H), 4,38 (bs, 2H), 4.20-4.00 (m, 4H), 

45 3,78 (s, 6H), 3.70-3.40 (m,8H), 2.40-2.20 (m, 2H), 2.10-1,80 (m, 6H), 1.75-1 .55 (m, 2H), 0.89 (s J8H), 0.04 (s, 12H). 

1 J-[[{Pentane-1,5-dtyl)dioxy]taist2-anrimo-N-allyIoxycarbony1-5-methoxy-1,4-phenyJene)carbon 
2-f-butyldimethylsitytoxymethyt-4-oxo-pyrrolidineJ (214) 

50 [0222] A solution of dimethyl sulphoxide (1 .47 mL, 1 .62 g. 20,7 mmol) in dry- dichloromethane (32 mL) was added 
dropwise over 45 minutes to a stirred solution of oxalyl chlonde (5.1 8 mL of a 2 M solution in dichloromethane, 1 0.36 
mmol) at - 60°C under a nitrogen atmosphere. After stirring at - SO^'C for 30 minutes, a solution of the bis-a!cohol 213 
(3.55 g, 3.45 mmol) in dichloromethane (53 mL) was added dropwise over a period of 50 minutes. The reaction mixture 
was allowed to stir at lor 30 mlnulos prior to the dropwise addition of a solution of triethylamine (4.75 g, 6.54 

55 ml, 46.9 mmol) in dichloromethane (27 mL), Stirring was continued at ^ 60^''Cfor45 minutes and then aibwcd to warm 
to O^C. The reaction mixture was diluted with dichloromethane (20 mL), washed with cold 1 M HCI (2 x 100 mL), sat. 
sodium chloride (100 mL) and dried over magnesium sulphate. Removal of excess solvent afforded the crude bis- 
ketone which was purified by flash column chromatography (50% ethyl acetate, 50% 40-60'=* petroleum ether) to yield 
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the pure bis-ketons (214) as a pale yellow foam (2 54 g, 72%): ""H NMR (270 IV! Hz. CDCI3) 8 8.69 (bs. 2H), 7.73 (s, 
2H). 6,75 (s, 2H). 6.05-5.80 (m, 2H), 5.40-5.20 (m, 4H). 4.65^4,60 (m, 4H), 4.20-3,60 (m, 20H), 2,74 (dd, 2H, J- 9.25. 
18.1 Hz). 2.51 (d,2H, J - 17.4 Hz), 2.00-1.90 (m, 4H), 1.75-1.65 (m, 2H), 0.87 (s, 18H). 0.05 (s, 12H). 

i Elaboration of bis Ketone and Preparation of the Target Moiecule 

1 .1 '"[[{Pentane-1 ,5-diyl)d]oxy]bis(2-amino-N-aHyloxycarbony [-5^methoxy-1 ,4-phen 
2-f-butyldimethylsiiyloxymethyl-4-methytldene-2,3-dlhydropyrrole] (215) 

10 [0223] A solution of potass i urn- r-butoxide in dry IMF (0.5 M, 25.2 mL, 12.6 mmol) was added dropwtse to a suspen- 
sion of methyltriphenyiphosphonium bromide (4.50 12.6 mmol) in dry THF (15 mL). The resulting yellow yhde sus- 
pension was allowed to stir al 0=C for 2 hours berore the addilion of a solutton of the bis-ketone 214 (2.48 g, 2,42 
mmol) in THF (10 mL) al ^0°C. The reaction mixture was allowed to warm to room temperature and stirring was 
continued for a further hour. 

^5 The reaction mixture was partitioned between ethyl acetate (100 ml) and water (100 mL) and the organic layer was 
washed with sat. sodium chloride (200 mL) and dried over magnesium sulphate. Removal of excess solvent gave a 

brown oil That was subjected to flash column chromatography (50% ethyl acetate, 507o 40-60" petroleum ether) to 
afford the product (215) as a yellow glass (865 mg, 35%): ^H NMR (400 MHz, CDCI3) 0 8.90 (bs, 2H), 7.83 (s, 2H), 
6 62 (s, 2H), 6.05-5.90 (m, 2H), 5.40-5 20 (m, 4H), 4.99 (bs, 2H), 4 91 (bs, 2H), 4.65-4.60 (m, 4H), 4.20-3.60 (m. 20H), 
^0 2.70 (bs, 4H), 2.00-1 .90 (m. 4H), 1.75-1.63 (m,2H), 0.88 (s, 1BH). 0.03 (s, 12H). 

1 ,1'-[[{Pcntane-1,5-diyl)dioxy]tais[2-amino-N-any1oxycarbonyl-5-methoxy-1 ,4-phenylene)carbonyll]-bisI(2S)- 
2-hydroxymethyl-4-methylidene-2,3-d]hydropyrrolel (21 6) 

^5 [0224] A solution of TBAF (3.02 mL of a 1 M solution in THF, 3.02 mmol) was added to the bis-silyi ether (21 5) (1 .23 
g, 1 .21 mmol) in THF (30 mL) at O^C (ice/acetone). The reaction mixture was allowed to warm to room temperature 

and to stir overnight, the following day, TLC (50:60 EtOAc/Pet^Ether 40°"60°) revealed the complete disappearance 
of starting material. Saturated NH4CI (150 mL) was added and the reaction mixture extracted with EtOAc (3 X 60 mL), 
washed with sat. sodium chloride (150 ml..), dried (MgS04), fiftered and evaporated in vacuo to gfve a yellow oil. Pu- 
30 rification by flash chromatography (97% CHCig/ 3%MeOH) provided the pure aicohol (216) (916 mg, 96%); ^H NMR 
(400 MM/, CDCI3) 5 8 61 (bs. 2H), 7.58 (s, 2H). 6.79 (s, 2H), 6.05-5.90 (m. 2H). 5.40-5,20 (m, 4H), 5,01 (bs, 2H), 4.93 
(bs 2H) 4 65 4.60 (m, 4H), 4.20-3.60 (m. 20H),2.76 (dd. 2H, . J= 8.42. 15.74 Hx), 2.47 (d, 2H, J- 15,93 Hz), 2,00-1 .90 
(m, 4H), 1.80-1.63 (m, 2H). 

35 l,r[[{Pentane-1,5-dlyJ)dioxy]bis(11S,11aS)-10-(anyloxycarboTiyl)-11-hydroxy-7-methoxy-2-methyMden 
1 ,2,3,1 0,1 1 ,1 1a-hex3hydro-5H-pyrrolot2,1 ,4-benzodiazepin-5-one] (21 7) 

[0225] A solution of dimethyl suiphoxide (0.57 mL, 0.63 g, 8,07 mmot) in dry dichloromethane (17 mL) was added 
dropwise, over a 40 minute period, to a stirred solution of oxalyl chloride (2.02 mL, of a 2 M solution, 4 04 mmol) at ~ 

40 AB'^C under a nitrogen atmosphere. The reaction mixture was allowed to stir for 40 minutes at ~ 45^0 followed by 
addition of the diol 216 (0.89 9, 1 .12 mmoi) in dichtoromethane (17 mL), at the same temperature, over 15 minutes. 
After a further 60 minutes a solution of triethylamine (1 .31 mL, 9 42 mmol) in dichloromethane (9 mL) was added over 
a period of 40 minutes, The reaction mixture was allowed to stir at - 45'C for 40 minutes before bemg allowed to warm 
to room temperature over 45 minutes. The reaction mixture was diluted with water and the phases were allowed to 

45 separate. The organic phase was washed with 1 M HCi (2 x 40 mL), water (40 mL), sat. sodium chloride (40 mL) and 
dried over magnesium sulphate. Removal of excess solvent yieidod the crude product, which was purified by flash 
column chromatography (1% methanol, 99% chloroform) lo afford the product 217 (0.175 g, 20%): NMR (400 fVlHz, 
CDCI3) 6 7.22 (s, 2H), 6.65 (s, 2H), 5.82-5.70 (m. 2H), 5.58 (d, 2H, J= 9.70 Hz), 5.25-5.00 (m, 8H), 5.75-4.35 (m, 4H). 
4.30 (d, 2H, J- 1 6.10 Hz), 4,15 (d, 2H, J= 17.03 Hz).. 4.01 (t, 4H. J- 6.32 Hz), 3.90 (s, 6H), 3.64 (t, 2H, J-8.70 Hz), 

50 3.00-2,85 (m, 2H). 2,71 (d, 2H. J - 16.29 Hz), 2.00-1 .85 (m, 4H), 1 .70-1 .60 (m, 2H). 

1 ,1 '[[(pentane-1 ,5-diy l)dioxy]bis[(1 1 aS)-7-methoxy~2"methyMdene-1 ,2,3,1 1 a-tctrahydro-SH-py rrolo[2,1-c][1 ,4] 
benzodiazepin-5'One] (218) 

55 [0226] A catalytic amount of tetrakis(triphenylphosphine)palladium (1 3 mg, 1 1 .2 mmol) was added to a stirred solution 
of the bis-ailoc-cartainolamine (217) (170 mg, 0 22 mmol), triphenyiphosphine (5.7 mg, 21 .6 mmol) and pyrrolidine (31 
mg, 37.3 mL 0.45 mmol) in DCM (13 mL) at 0°C (ice/acetone) under a nitrogen, atmosphere. The reaction mature 
was allowed to warm to room temperature and the progress of reaction monitored by TLC (95% CHCyMeOH). After 
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2 hours TLC revealed the reaction wa. complete to give « spot, which fluoresced brighter under UV light. -'vent 
ai2 (dd 2H, 8 97, 15 93 HZ)' 2.95 (d, 2H, J= 15.93 Hz). 2.00-1.85 (rr., 4H), 1.72-1,67 (m, 2H). 
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Example 2(f) : Synthesis of PBD with ketone on C-ring (172 , UP :2067) <5ee Figu rejj) 
[0227] 

BnO> 
MeO' 
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(2S){4R)-N-[4-ben.y.oxy-S-n,ethoxy-2-(2.2N2-trich1oroett,oxy)carbonyl]-2-(tert.butyldimethy1silyl^^^^ 
4-hydroxypyrroljdine (168) 

ro2281 A solution of 2 2 2 Irichtoroethylchloroformato (8,74 g, 5.68 mL, 41.2 nnnnol) in dichloromethano (50 mL) was 

19H):004(S.6H).13CNMR (67.8 MHZ, CDCl3)5169.2J52.1J50.2,136.1J28.6.128.1. 127.7. 111.6,1^ 
74.4, 70.7, 70.5, 62.1 . 57,2, 56.4, 35.4, 25.8, 18.1 , -5.46. 

(2S)-N-I4-benzyloxy-5-methoxy.2-(2-, 2', 2 -trichloroethoxy>carbonyl aminol-2-(tert- 
butytdimethylsiiyloxymethyl)-4-oxopy rrolidine (1 69) 

temperature, diluted wUh water (1 50 mL) and the organic phase ^'^ f^^^^' i',^ eonc^nt ated in vacuo to 

Removal of excess eluent alForded the produc f ' f^f ^f/° y^''^'^^" H/ 1H) 4 80 (bs. 2H): 4,10-3,60 (m, 8H); 

25,8, 18.0, -5,7. 

(2S).N-[4-b«nzyloxy-5-methoxy-2.(2-.2-,2--trichloroBthoxy)carbonyl3mino]-2.(hydroxymethyl)- 

4-oxopyrroHdine (170) 

10230] Glacial .cetic acid (60 mL, and water (20 mL) were added to a -lution of k^one (^^^^^ 9^^^ ^^^--/^i^ 

THF (20 mL) and the reaction mixture allowed to stir for 3 hr. (reaction complete by TLC). The 

dlilted w"h dichloromethane (200 mL) and neutralized dropwise with sat. sodium bicarbonate (1 .5 L) m a 5 L flasK 
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(Gftervescencei) The phases were allowed 1o separate and the aqueous layer extracted with dichloromethane (2 x 

1 00 mL). The combined organic layers were washed with brine and dried over magnesium sulphate. Removal of excess 




.54 

('d!'T=TB!5HzTlH).'l3c"NMR"^^^^^ CDCI3) 5 209.0, 169.4, 152.3, 150.6, 145.5. 136.0, 130.0, 128.6, 128.3, 

127.6, 110,9, 107,4,95.2, 74.5, 70.8,64.4.60.4, 56.6,55.9,39.5. 

(11s, llaS)-4-ben2yloxy-11-hydroxy-5-methoxy-4-oxo-10-(2-,2-, 2'-trichloroethoxy)carbony»-a}nino 1, 10, 11, 
11a-tetrahydro-5H-pyrrolo-[2,1-c][1,4]benzodiazepln-5-one (171) 

[0231] A solution of DMSO (4.45 g. 4.04 mL. 55,9 mmol) in d^ dichloromethane (25 mL) was added dropwise, over 
5 minutes, to a solution of oxalyl chloride (3.58 g,49.9 mmol) in di7 dichloromethane (14mL) at-ecc under a nitrogen 
atmosphere and the reaction mixture allowed to stir for a further 1 5 minutes. A solution of the substrate 1 70 (1 0.93 g, 
20 0 mmol) in dichloromethane (25 mL) was added dropwise over 30 mmutes lo the reaction mixture, which was then 
allowed to stir for 30 minutes at -60"C, Finally, neal triethylamine (11 .15 g, 232,9 mmol) was added dropwise over 30 
minutes and the reaction mixture allowed to stir at -60»C for 15 minutes, The reaction mixture was allowed to wanm to 
room temperature, diluted with water (150 ml) and the organic phase washed with dilute HCI (1 N. 1 00 mL), water (1 00 
mL) and brine (1 00 mL). The organic phase was dried over magnesium sulphate, filtered and concentrated in vacuo 
to afford the crude p-oduct which was subjected to column chromatography (ethyl acetate/40-60 petroleur^ ^'I'f ' 
50) Removal of excess etuent atforded the product 171 (9,66 g, 89 % yield). NMR (270 MHz, CDCI3) 5 7,4^-7.33 
(m 5H)- 7 27 (s 1H): 6.95 (s, 1H): 5.76 (d. J ^ 9.9 Hz, 111); 5.52- 5.00 (m, 3H), 4 33 (d, J = 6.8 Itz, 1H); 4.30 (d, J - 
1^2 HZ 1H)- 4 00-3,70 (m 5H); 2 93 (dd, J = 20.0, 10.4 Hz, 1H); 2,94 (d, J = 20.0 Hz. 1H). NMR (67.8 MHz) 6 

207.7, 167.5,' 154.5, 152.6, 150.8, 149.6, 135.8, 128,9-127.3, 124.0, 114.5, 110.8. 95.0. 86.6, 75.0, 71.1, 56.8, 56.2, 
52.6, 40.2. 

(1 1 aS)-4-ben2yloxy-5-inethoxy-4-oxt>-1 ,10,1 1 ,11 a-tetrahydro-5H-pyrrolo(2,1 -c][1 ,4]benzodiazepin-5.one (172) 

[0232] Cadmium/load couple (1 .15 q) was added to a solution of cyclized ketone (1 g, 1 .84 mmol) inTHF (5 mL) and 
aqueous ammonium acetate (1N. 15 mL). The reaction mixture was allowed So stir for 90 minutes and then filtered 
through cellte. The celite pad was washed with ethyl acetate (2 x 25 mL) and the organic layer separated. The organic 
layer was washed with brine (50 mL) and dried over magnesium sulphate, Removal of excess solvent followe^ by 
cotumn chromatography afforded the pyrrolobenzodiazepine 172 (0,324 g, 0.93 mmol). NMR (270 ^Hf. CDa3)8 
7 75 (d J - 4 4 Hz 1H)- 7 51 (s. 1 H); 7,46-7.27 (m. 5H); 5.23 (d, J = 12.3 Hz, 1H); 5.17 (d, J = 12,3 Hz, 1H), 4,24-4.40 
(m 3Hi 3"96 (s 3H), 3:12 (dd, J = 19.6. 8 8 Hz, 1H): 2.99 (dd, J = 5.0 Hz, 1H), «c NMR (67,8 MHz) 5206.7, 165.5, 
161.4, 151.1, 148.5, 140 .5. 136.0, 128.7-127.1, 118.9, 111.7, 111.3, 70.9,56.4,53.4, 51,0,40.0. 

FY:,mpl^ 2f q^ : Synthesis of niaS)-8-Benzyloxv-7-methoxy-2 -^ d-methox vbenzv)idene-1 ,2.3,1 1a,-tetrahydro- 
5H-pyrroloI2,1 - cU1.4]benzodiazepine-5-or^e (185) (see Figure 14) 

[02331 




{2S)-W-[(2-allvloxycarbanylamino)-4-benzy)oxy-5-methoxy]-2-(fertbutyldimethylsily)oxymethyl)- 
4-methylidenepyrrolidine (182) 

[0234] The Wittig reagent, 4-methoxybfinzylpho.<;phonium bromide (3.686 g, 0,88 mmol) was added portionwise to 
a suspension of sodium hydride (352 mg of a 60% dispersion, 8 80 mmol) in anhydrous toluene (25 mL^ under a 
nitrogen atmosphere at 0°C, The mixture was allowed to warm to room temperature and then heated at reflux tor 3U 
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minutes The colour of thG reaction mixture darkened progressively from yefbw through to orange. At This stage a 
solution of the ketone (6 - see Example la) (0.5 g, 0,88 mmol) in dry toluene (25 mL) was added dropwise lo the 
reaction mixture at reflux. After 10 minutes TLC (50% ethyl acetate, 50% 40 - 60'=' petroleum ether) revealed the com- 
plete consumption of ketone. Excess toluene was removed by rotary evaporation under reduced pressure to yield a 
brown residue, which was partitioned between ethyl acetate (1 00 mL) and saturated sodium hydrogen carbonate (1 00 
mL), The organic layer was washed with brine (1 00 mL) and dried over magnesium sulphate) removal of excess solvent 
by rotary evaporation under reduced pressure gave a dark oiL which was subjected to flash chromatography on silica 
gel (20% ethyl acetate, 70% 40-60'' petroleum ether). Removal of excess eluent afforded The product (182) as an oil 
which solidified on standing (420 mg, 0.62 mmoL 71%), [ap'>^ - 7.48- ( c = 1 .002 CHCy. -"H NMR (270 MHz, CDCI3) 
cts/trans mixture, rolamers 6 8.90 (bs, 1 H), 7.95 (s, 1 H), 7.76-7.65 (m, 2H), 7,55 (m, 7H),. 6,9 {s, 1H), 6.4) and 6.30 (2 
X bs. 1 H), 6.02-5.88 (m, 1 H), 5.40^5 17 (s. 4H). 4.64-4.59 (m. 2H). 3.91 ^3,70 (m, 9H), 3,00-2.95 (m, 2H). HRMS (FAB) 
673 (Ml 1). Anal. Calcd for C3gH48N207Si: C, 67.83; H. 7.19; 4.16. Found C, 67,64; H, 7.33; N, 4.03. 

(2S)-N-[(2"allyloxycarnoylammo)-4-benzyroxy-5-methoxy]-2-(hydroxyrnethyl)-4-(4-meth 

pyrrolidme (183) 

[0235] A solution of TBAF In THF (1 .21 mL, 1 M solution, 1 ,21 mmol) was added to a solution of 182 (0.65 g, 0.97 
mmol) in THF (15 mL) at O^'C. The reaction mixture was allowed to warm to room temperature and stir overnight, 
Excess THF was removed by rotary evaporation under reduced pressure and the residue was partitioned between 
ethyl acetate (100 mL) and saturated ammonium chloride (1 mL). The organic phase was washed with brine (lOOmL) 
and dried over magnesium sulphate. Excess solvent as evaporated under reduced pressure and the resulting residue 
was subjected to flash column chromatography (silica gel, 80% ethyl acetate and 50% 40 60" petroleum ether) Re^ 
mova! of excess eluent by rotary evaporation under reduced pressure afforded the compound 183 {0.9 g, 1 ,61 mmol, 
65%). NMR (270 MHz, CDCly) cis/trans mixture 6 8.55 (bs, 1 H). 7.50-7.10 (m, 8H), 6.80-B.90 (m, 3H), 6.40 and 
6.29 (2 X bs. 1H), 6.02-5.88 (m, 1 H), 5.40-5.1 0 (m, 4H), 4.55-4.70 (m. 2H).4,50"4.30 (m, 1), 3.95-3.80 (m, 8H), 3.10-3.90 
(m, 1H), 3.50^3.70 (m, 1H). HRMS (FAB) C abd for C32H35N2O7 (M+H) 559.2444; Found 559.2-62. 

(1 1 11aS)-1 0-allytoxycarbonyl-8-benzyloxy-1 1 -hydroxy-7-methoxy"2-{4-methoxybenzyHdene)- 
1,2,3,10, 11, 11a-hexahydro-5W-pyrrolo[2,1 -cj[1 ,4]benzodi3zepine-5-one (184) 

[0236] A solution of DMSO (0.41 ml. 5.80 mmol) in dry DCM (50 mL) was added dropwise to a stirred solution of 
oxalyl chloride (1 .45 mi of a 2M solution, 2.90 mmoi)at -40^'C under a nitrogen atmosphere. After 45 minutes stirring 
at - 45"C, a solution of 183 (0.9 1 .61 mmol) in DCM (50 mL) was added dropwise to the mixture over 45 minutes. 
After stirrfng at - 45X for 45 minutes the reaction mixture was treated dropwise with a solution of TEA (0.94 mU 6.76 
mmol) m DCM ( 20 mL) over 30 minutes. After a stirring at - 45'^C for a further 40 minutes the reaction mixture was 
affowed lo warm to room temperature and then diluted with DCM (30 mL). The diluted reaction mixture was washed 
with dilute hydrochloric acid (1 N, 300 mL), water (150 mL), brine (150 mL) and dried over magnesium sulphate. 
Removal of excess solvent afforded the crude product, which was subjected to column chromatography (siiica geL 
50% ethyl acetate and 50% 40 60^ petroleum ether). Removal of excess eluent afforded the product 184 as an oil 
(0,62 Til mmol, 69%). "^H NMR (270 MHz, CDCI3) cis/trans mix 6 7,50-7.10 (m. 8H), 6.90-6.85 (m, 2H), 6 74 (s, 
1H), 6.50 and 6.46 (2 x bs, 1H), 6.70-5.OO (m, 6H)^ 4.70-4.20 (m, 4H), 3.98 (s, 3H), 3.90-3.70 (m, 4H). 3.10^2.80 {m[ 
2H). HRMS (FAB) Calcd for C32H33N20^ (M+H) 557.2288; Found 559.2277. 

(11aS)-8-Benzyloxy-7-nriethoxy-2-(4-nnethoxybenzylidene-1 ,2,3,1 1a,-tetrahydro»5H^pyrrolo[2,^ ,4J 
benzodiazepine-S-one (185) 

[0237] Triptienylphosphine. pyrrolidine and palladium tetrakistriphenyiphosphine were addaed sequenliaffy lo a 
stirred solution of substrate in dry DCM. The reaction mixture wejs allowed to stir at room temperature under a nitrogen 
atmosphere for 2 at which time TLC (50% ethyl acetate and 50% 40-60^ petroleum ether) revealed the complete 
consumption of starting material. The reaction mixture was evaporated to dryness and the resulting residue subjected 
to gravity column chromatography (siffca geL gradient elution: 30% ethyi acetate, 70% 40-60° petroleum ether to 70% 
ethyl acGtaie, 30% 40-60'=' petroleum other). Removal of excess eluent afforded the PBD (185) as a ycHow glass that 
was reprecipitated from ethyl acetate with 40-60'' petroleum ether. 

[02383 NMR (270 MHz, CDCI3) cfs/trans mix 6 7.69 {d.. 1H, J- 4,39 Hz), 7.52 (s, 1H), 7.46-7.30 (m, 5H), 7.20-7.16 
(m, 2H). 6.92-6.88 (m, SH), 6.84 (s^ 1H), 6.53 (bs, 1H), 5.20-5.17 (m, 2H), 4.52 (m. 2H), 3,96 (s, 3H). 3.90-3.75 (m, 
4H), 3.34-3.26 (m, 1H), 3.12-3 00 (m. 1H). 
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Example 3 : Synthesis of Compounds of formula III 

Overview of Synthesis 

[0239] The Biaryl PBDs 136, 1 38 and 1 40 were obtained by removal of the Tree protecting group from the protected 
carbinolamines 135, 137 and 139. For compounds 136 and 138 the deprotection method of Dong etal. was employed 
(Cd/Pb ammonium acetate buffer), however this approach could not be applied to the preparation of 140 as this 
molecule contained a nilro group sensitive to the Cd/Pb couple. In this case a novel deprotection procedure involving 
the use of tetrabutyl ammonium fluoride was used. The protected biaryl carbinolamines were prepared by the Su/uki 
reaction the common 7-iodo substituted protected carbinolamine 134 was exposed to the appropriate boronic acid in 
the presence of a palladium catalyst. This reaction is of wide scope as over 70 boronic acids are commercially available. 
The iodo substituted protected carbinolamine 134 was furnished by Swern oxidation of the pnmary alcohol 133. The 
Swem procedure was particularly effective in this case but other oxidii-ing agents such as the Dess-Martin reagent 
TRAP or pyridine sulphur trioxide complex and DMSO could also be employed. The primary alcohol 133 was afforded 
by coupling commercially available pyrrolidinemethanoi to the Troc protected anthranitic acid chlonde obtained by 132 
by treatment with oxalyl chlonde. The Troc protected acid was in turn prepared by exposing the anthran.lic ac.d 131 
to 2 2 2-trichloroethyl chloroformate. Other protecting groups can be used in place of Troc such as Nvoc, Teoc and 
Fmoc'but care must be taken in choosing a protecting group as some groups such as Boc spontaneously fomn the 

isaloic anhydride when exposed to oxalyl chloride prior lo the coupling step, .,. , ^ k 

r02401 The9-methoxyPBD(101)waspreparedinananalogousfashiondemonstratingtheversatilityoftheapproach^ 

02411 The 8-amino PBD (151) was prepared by the removal of a Troc protecting group from the ammo substituted 
protected carbinolamine 150. The free amine was obtained by removal of an Fmoc protecting group under standard 
conditions (pIperidine/DMF) from the protected carbinolamine 1 49. Swem oxidation of the primary alcohol 148 furnished 
149 in good yioid the substrate for oxidation reaction was prepared by Fmoc protection of the anilmc 147. Reduction 
of tho nitro compound 146, with tin chloride fumlshod the aniline, hydrogonation could not be employed to reduce the 
nitro group as the Troc system does not withstand these conditions. The nitro compound 146 was prepared by he 
coupling of the acid chloride derived from 145 with pyrrolidinemethanoi in the presence of base. Finally, the protected 
anthranilic acid 145 was fumished by exposing the commercially available 4 nitro anthranilic acid 144 to Troc Chloro- 

\o242^ The 8-benzyloxy-7.9-dimethoxy PBD (143. UP2022) was prepared by a slightly different approach which does 
not involve the use of anthranilic acid starting materials but proceeds through 2-nitrobenzoic acid intermediates. The 
PBD was obtained from the protected carbinolamine 142 by removal of the Troc protecting group under the usual 
conditions The protected carbinolamine was furnished by Swern oxidation of primary alcohol 141 which in turn was 
prepared by selective protection of the amino alcohol 1 26 as the Troc carbamate by exposure to Troc Chloroformate 
in the presence of pyridine. The amino alcohol was obtained by reduction of the nitro compound 1 25 with Raney Nicke 
and hydrazino (again hydrogenation couid not be employed due to the presence of a benzyl group). The nitro alcohol 
125 was prepared by coupling pyrrolidine methanol to the requisite 2-nitrobenzoic acid 124. ^^'s riitro benzoic acid 
was not commercially available and was prepared in four steps from the available syringic acid 87. Nitration of the 
ester 122 was proceeded smoothly using Copper nitrate in acetic anhydnde The ester 122 was obtained by standard 

[oJIsT^The PBDs 96. 113, 120 and 194 were obtained in an identical fashionfrom the 2-nitrobenzoic acids 19, 108, 
r0244rTTedimcr 90 was prepared in an analogous lashion from the core nitro compound 85; the core was assembled 
by Joining together two units of the phenol 84 via Mitsonobu etherification, The phenol 84 was denved from synngic 
acid 83 In a three step synthesis, the crucial step being the nitration of 82 which was performed with 70% n>^™i^ac'd^ 
[0245] The phenolic PBD 130 was prepared by an analogous route to that used for the synthesis of the PBD 143, 
however U.o requirement lo incorporate a phenolic group prompted the use of a different protecting group Teocjhe 
free PBD was obtained by treating the Tcoc protected carbinolamine 129 with TBAF in wami acelonrtnle. The phenol 
129 was unmasked by the hydrogenolysis of the benzyloxy moiety of 12B in the presence of the Teoc protecting group 
(Troc would not survive under these conditions). The benzyloxy compound 128 was obtained by Swern oxidation of 
the primary alcohol 1 27 which was prepared by treating the amino alcohol 1 26 with Teoc chloroformate in the presence 
of base. 
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Example 3(a) : Synthesis of the C9/C9'-Dimethoxy PBD Dimer f90, DRH-165) (see Figure 15) 
E0246J 



10 




0-Acety»syringic acid (82) 

^5 [0247] A suspension of syringic acid 81 (10.0 g, 50.5 mmol) in acetic anhydride (30. Og, 27.7 mU 294.1 mmof) was 
warmed gently unlil a clear sofution was obtained, Fused sodium acetate (0.5g, 6.10 mmol) was added to the solution 
which was allowed to slir for 16 hours at room temperature. The solution was poured into water (100 mL) and stirred 
thoroughly to ensure hydrolysis of any excess anhydnde. Crude O-Acetyl syringic acid was recrystallized from water 
Lo afford the product as an off-while powder (11 .2 g, 46,7 mmol). H^NMR (270 MHz, COCI3) a 7.36 (s, 2H), 5.94 (br s, 

^0 1 H), 3.87 (s, 6H), 2.35 (s, 3H). HRMS calcd for 240.0634, found 240.0637 

4-Acetoxy'3,5-dimethoxy-2-nitrobenzo!c acid (83) 

[0248] Fuming nitric acid (5 2 mL) was addod, carefully, to a solutfon of oacetyisynngic acid 82 (11 .1 g, 46.2 mmol) 
^5 in acoiic anhydride (33g,mmo!) atS^C and the reaction mixture was then allowed to stir for 3 hours at room temperature. 
The reaction mixture was poured over ice (300 mL) and the yellow precipftate was colEected by filtration, washed wrth 
water (3 x 100 mL) and dried in vacuoXo afford the product as a pale yetlow solid (12.4 g). Hi NMR (270 MHz, CDCIg) 

5 7.37 (s, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 2.39 {s, 3H) 

30 Methyl 3,5-dimethoxy-4'hydroxy-2-nitrobenzoate (84) 

[0249] A catalytic amount of DMF (5 drops) was added to a sofution of oxalyl chloride (6.3 g, 49.8 mmol) and o- 
nitrobenzorc acid 83 (12.4 g, 45,2 mmol) in anhydrous THF (100 mL) and the reaction mixture allowed to stir at room 
temperature for 16 h. The resulting acid chloride was quenched dropwise with anhydrous methanol (100 mL) at □''C. 
^5 The reaction mixture was treated with potassium carbonate and allowed to stir at room temperature for 3 h. Excess 
solvent was removed by rotary evaporation at reduced pressure and the residue dissolved in water The aqueous 
solution was acidified to pH 8 and \he resulting white precipitate was collected by fHtration, washed with water (2 x 100 
mL) and dried to afford the product as an off-white solid (10.6 g, 83%). NMR (270 fVIHz, CDCIa) 6 10.07(br s. 1H), 
7.26 (s, 1H), 3.97 (s, 3H), 3.91 (s, 3H), 3.85 (s, 3H). 

40 

1', 3*-Bis(4-carboxy-2,6-djmethoxy-5-nitrophenoxy)propane (85) 

[0250] Diethylazidodicarboxylate (7.19 g, 41 .3 mmol) was added dropwise over 0.5 hours to a cooled, stirred solution 
of the phenol 84 (10.61 g, 41.3 mmol) and TPP (16.24 g, 61.9 mmol) in anhydrous THF (lOOmL), and aflowed to stir 

^5 tor 1 h. A solution of 1 ,3-propanedlol (1 .57g, 20.6 mmol) In THF (30 mL) was added dropwise and the reaction mixture 
allowed to stir for 16 h. The reaction mixture was then treated with IN aqueous NaOH (200 mL) and heated at reflux 
for 3 h. Excess solvent was removed by rotary evaporation under reduced pressure to afford an aqueous suspension 
which was extracted with EtOAc (3 x 300 mL). The aqueous extract was acidified with concentrated HCI and the 
precipitate collected by vacuum fmration. The precipitate was suspended in water (500 mL) and after stirrtng for 10 

so minutes, the suspension was tigered to afford the product as an orange soiid (6.11 g. 60%). H^ NMR (270 MHz, CDCI3) 
8 7.32 (s, 2H), 4.36 {i, 4H,), 3.92 (s, 6H), 3,90 {s, 6H), 2.20 (t, 2H). ^ 

(2S)-1 ,1'-[[(propane-1 ,3-diyl)dioxy]bis[2-nitro-3,5"dimethoxy-1 ,4-phenylene)carbonyl)]bis 
[2-(hyd roxy methylpy r ro li d i nej (86) 

55 

[0251] A catalytic amount of DMF (3 drops) was added to a solution of the acid 85 (6.1 g, 12 4 mmol) and oxalyl 
chloride (2.37 mL, 3 45 g, 27.2 mmoJ) in anhydrous DCM (60 mL) and the reaction mixture allowed to stir at room 
temperature for 1 6 h. The resulting acid chloride was added dropwise over 0.5 hours to a stirred solution of TEA (6.26 
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r^/^fcjt ^t^n ml ^ 3t -in"C The reaction mixture 
was then allowed to stir at room temperature or 6 h. '''.''^'^^'^'^^'^^J ^^-^^^ over MgSO,. 

(3 X 100 ml), saturated NaHCOa (3 x 100 mL), '^""^Jf ^J^^^^^^ ^^^^rc alor^ the product as a yellow glass (8.25 
Removal of excess solvent by rota,^ '^^^P^fi™ JJw 4^^^^^^^^ 3 98 (s, 6H). 3.90 (s, 6H). 3.86-3.67 (m. 
s g 11 .9 mmol). NMR (270 MHz, GDCI3) i> 6 65 (s^f). ^^f "^ ^^ ^H). (s, 
4H), 3.41-3.27 (m, 4H), 2.23-2.12 (m, 2H), 2.11-1.72 (m, 8H). 

(2S)-1 ,r-[[{propar,e-1 ,3-diy.)dioxy]blsl2-amir,o-3,5-dimethoxy-1 ,4-pheny.ene)carbony.]lbis 
[2"{hvdroxymethyJpyrrolidinel (87) 

(40 mL) heated at rettux over Baney nickel (5 g, slurry). Heating was ^.^^^^^^ 
evaporated to dryness and dissolved m DCM (200 mL) <ana '"^ 9 . afforded the product as a 

3H, 3 83-3 46 (m t4H,, Z,20-2,,3 (m, 2H). 1 97-, .66 (m, 8H), 

„S,-1,r-mprop.n=-1,«.V.).lox,l..sp.,2.a.,2-,,,c.,o™...o.,ca*on,,,»n„^^ 
20 carbonyll]bis[2-(hydroxymethytpy<:rolidine] (88) 

,02S33 A so.t.n ot a.,2.rlc.oroe.y.c.oro.orma^^^^^ e.a mmol, 1 . 

dropwise over the space of 0.5 hours to a soUit.on o ^^'^^^^^^^^^^^Zo roac^ion mixture was diluted with DCM 
DCM (50 mL) and allowed to stir for 16 hours a room ^-P-^ ^ 7;;^''; 3,, and dried over anhydrous 
(200 mL) and washed with 1N HCl (3 x 200 rriL , H^O (|; ^00 r.L)^br J ^ ^,,33 .43 9). 

MgSO, PuriCcation by .lash chromatography 9^'; E^^'^';) '^^^^ J, 6.54 (2 X s, 2H), 5.08-3,59 (m, 26H). 

H' NMR (270 MHz CDCI3) Rotamers 6 9.21 and 8.40 (2 X br S. ^n;, 
3 33-3.30 (m. 4H), 2 04-1 .69 (m, 10H) 

. ,h cTHi c: iiaa.10-(2' 2- 2 -trichloroelhoxycarbonyl)-11-hydroxy-7,9-diniethoxy- 

,02541 Asolution o, d. OMSO (14.9 mmo. 1 .17g, 1 - 

So a stirred solution of oxaly. chloride in DCM (7.38 --°^,^.^7^^^^|^rJ"r63 mmol) in dry DCM (5m L) was added 
35 at -45"C. After stirring for an additional 1 5 minutes a solul on o ^ ("8 ,2 1 2 q 21 .0 mmol) was added dropwise 
dropwise over 45 minutes at -45^C and stirred for 45 ^'""'^^ ^^^^^ was allowed to warn, to room temperature, 

over 30 minutes and stirred for a further 15 minutes. J^^^^^^ "J^" "J^^^^^ ,3 , 100 mL), water (3 x 100 mL), brine 
and diluted with water (1 00 mL) . The organic layer was washed ^J^J^ ^a^^o afforded the product 

(3 X 1 00 mL) and dried over anhydrous f^gSO,. Filtration and l^^P^^f .^.^^ 3 39, 9.9 Hz), 4.74 (d, 2H. J = 
Layellowg,ass(a73g)>.;.MB^^^^^^ 



11.72 Hz), 4.62 (d 

Preparation of 10% Cd/Pb couple 



55 



las slo»l» aodod 10 a vigorously sli.roo suspons on " Od dust IAW'«n^ 6„,k,„ up w«h 

to storage and use. 

1,r.UPropano.1,3-diyOd*oxylbist(11aS)-7,9.dlmcthoxy-1,2,3.11a-tetrahya«,-5H.pyrro.o[2,1-c][1.4] 
benTOdiazepin-5-one. (90) 

f02Se, Cadm,um;,ead couple (3.8 mmol Cd, 0.47 g of Cd^Pb cou^^) ^ ^^^^^^^ rjrsT^he'rcti:: mrxrl 
89 (O.W g, O.B mmol) .n THF (10 mL) and IN NH OAc i^^ ^^l^^^^^^^^^ ,,,,,, ..cuo afforded the 

was diluted with DCM (1 50 mL) and dr.ed "^^^f °- ^'^^' ^^J mh7cDC,3) mixture of C11/C1 VB/Scarbinolam,nes 
product as ayetlow glass (0,32 g, 0.55 mmoL 71%). HJ ^^^m "^^^ . Hz^^ 4 79 (d 2H J = 9 Hz), 4.38-3.54 (m, 22H). 
5 7 08 (s 2H), 5.53 (br s, 2H), 5,38 (br s, 2H), 4.90 (d, 2H. J = 9 Hz), 4,79 (d, ^M, 
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2.27-1 ,79 (m, 1 0H). MS (FAB) m/e (relalive intf^nsity) 594 27%), 593 , 69%) 

^^1. ^/H) ■ <^vnth^sis of the C7>Met hoxv PBD (96, D RH-271) (see FigurejS) 
[0257] 



MeO 



30 



35 



40 



45 



50 
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N'(3-Methoxy-2-nitrobenzoyl)pyrrolidm-2-methanol (92) 

t02S81 A catalytic amount ot DMF ,2 drops) was adde. "nTer:rogt«h^^^^^ 
5 01 q 25 4 mmol) and oxalyl chloride (3,54 g, 27.9 mmol) in dry CHCyeO mL) under J" ^^i^ 

eacllon m^Kture was aHowedlo stir overnight, betore being used directly 'n ^he prepay, n o 9 A 
chloride in anhydrous CHCI,(50 mL) was added ^'^P^'-^ ^^'^ '^^^^^^^ at 
anol (2.57 g, 25.4 rr.mol) and TEA ( 6.42 g 63.6 ^rnol) - -^V'^^' rS"^ w,th In'uCI (1 x 100 rr^L), 

0"C and allowed to stir overnight at room temperature. The ^«^=!'°'^'''''*y^';/'J'.^^„,^^ ^.^30^ evaporation of the 
H,0 (3 . 100 mL) and brine (3 x 1 00 mL). The organic layer was dned over anhydrous MgSO,, and evap 
solvent afforded a brown oit (6.37 g, 22.7 mmol, 89%). 

'5 N-(2-Amino-3-Methoxybenzoyl)pyrrolidln-2-methanol (93) 

was littered through celite and the solvent evaporated D.stjed ^^^^^J °° "1^ ""^o^ ^L) and brine (3 x 100 mL) 
aqueous mixture was extracted wfth EtOAc (3 x 100 mL «nd ' 21 8 mmo ) as a s.ngle 

and dried over anhydrous MgSO^. Evaporation of the solvent afforded a brown glass (5.49 g, ^i .« m ; 

spotbyTLC. 

N-(3-Methoxy-2-«2',2',2--trichloroethoxy)carbonylaminobenzoyl)pyrrolidln-2 methanol (94) 
,02601 Asolutiono.2,2,2-trich,oroethylch,orcforma;e(4.e^^^^^^^ 

Lt which time TLclhowed roact.on to be cor.ple,e. The reaction ^^^^ 

and washed with IN HCI (2 x 20Q mL), H,0 (200 mL) br.ne (200 ^'^'l^^^"^^";^^^^^^^^ afford the 

(,lS,11.S>10-(a,2-^'-.richl„o..t,ox,)c.*o,,,|.7.™.lho.,-l1.n,d«..,-1,2.3.10,11,-11.-hex*Vdr=-^ 

[2,1 -c]l1 ,4]benzodiazepm-5-one(95) 

rooen Anhvdrous DMSO (3 14 g, 40.2 mmol) in dry DCM (25 mL) was added dropwise over ^ ^^-^^^f '° ^ ^'""[f 

stirring for 5 minutes, the substrate 94 (6.03 g, 1 4.2 r^mol) dry DCM (25 ^L) was ^^^ed^rop 
,0 the reaction m.xture. which was then allowed to stir for a further 45 m.nu^es at -50 

Dn/ TEA (5 72 q 56 64 mmol) was added dropwise to the mixture over 0.5 hours and '^^J^^^^ J^?^'^ . 
slir'a^frthor't 5 minutes. tL reaction mixture was left to war^^^^^^^^^ 

The organic phase was washed with IN HCI (2 x 200 mL) H^O (2 ^/^^ "^"-^^.^'^^if^ .ubiecled to flash chroma- 
anhydrous MgSO,. The solvent was evaporated to afford a ^^^IZ^' s Sf .l^^ (270 MHz. CDCI3) 
tography with EtOAc as eluent to afford the product as a yellow solid (5,67 g, 1 3.9 mmoi), m niw ^ 
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7-m€thoxy-1.2,3,11a-tetrahydro-5H-pyrrolo[2,1-c:l[1,4]benzodiazepin-5-one(96) 

[0262] Cd/Pb coup.e (250 a 20 n..o, Cd) was added to a ^^1^^^^:;^^ rndlner 2 hoTs t1_S 

i mixture of THF (30 mL) and IN NH40Ac (30 mL) Upon dried over anhydrous 

showed the reaction to be complete. The reaction m-xture was ^'^'"^^"^'^^^^^^ by rotary evaporation 

MqS04. The soiids were filtered and rinsed wUh EtOAc ^.^.^ . 
ur,der reduced pressure afforded the product as a yellow solid (0.84 g, 3.6 mmol, au.o) 

P.«mple 3lc) : s ynthesis of the C7.Het^o ^YPmm.^^f^mJ-^m^I^ 
[0263] 
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3-methoxy-2-(2\2",2"-tFichloroethoxycarbonyl^mtno)benzoic acid (98) 
[0.S41 ..an.ino-3-.e..o.vben.o,cacid..(1o,e.0..oOandpyri. 

dlchlororr,etf,ane (30 mL). The resulting nn.xture was ^'^''^^^^J^^'^^^l^^^^^^ HCl 1 N, 50 r..L), water (50 mL) 
reaction mixture was allowed to stir overnight at room l^^^^^'^^^. ^^^^^^^^^ 1 ,42 q of crude product, which 

and brine (50 mU. The organic phase was dned over MgSO^ and evaporated y 
was used In the next step without further purification. 

N-(3-methoxy.2-(2-,2-,2--trich.oroethoxycarbonylamino)benzoyl)-pyrronc«ne-2-methanol(99) 

[026S, Oxaly, chiorlde (0.57 mL. B.58 mmoi) together with 2 ^^-P^' ^^^^^ N^irnr^^^^^^^ 
product obtained from the previous reaction in dry ^^^jjf ^^^^^^^^^ added drop wise, over 30 

mixture was allowed to stir at room temperature ^^^Jl^^^^'^^^t'^^^^^^^^ ^L, 14.95 mmol) in dry dichlo- 

minutes to a solution of 2S-(.)-pyrrolid,nemethano, (a66^^^^^^^^ ^^^^ ^20 mL), 

romethane (20 mL) at -1 6°C. Once couplmg was ^°"^P'f A' ^ x 25 mU water (25 ml) and brir^e (25 mL). The 
and washed with 1N HCI (2 x 25 mL)^ V jow o The or do product was purified by flash 

organic layer was then dried over MgSO, -^^^^^P^^^^^^^^^^^ slg oTa ^a^ yellow ot. NMR (270 t.Hz, CDCI3) 
chromatography (petroleum ether/ethyl ^'^^'^'^^f ^'^^^^.^'^^f ^ ^ 6 (m ?H): 3,86 (m, 4H); 4.22 (dd. J - 5.1 . J 
d 1,6 - 1.8 (m, 1H); 1.81 - 2,0(m, 2H); 2.02-2.21 (m. ^ ' ' ^^/^ g ^ ' 5.94 (s. 1H); 7.2 (dd. J = 

= 12 3 HZ, 1H); 4.72 (d. J = 12 Hz, 1H); 4.79 (d J =12 6 .3: 66.5; 74.8; 75.3; 111.7; 

7 5 J = B,4 H., 1 H); 7.36 (bs, 1H) ^^c NMR (67,8 MHz, 3' o 24^6 28 8 50^ ■ ^^^^^^^ ^ 

1,1,9. 1t9.1, 122.3; 126.3; 132,9; 1 ^^7; 1 70.3 ,R (Nujol): cm" 341 0. 2969 J^^^^^^^^^ ^^83,^^^ ^ ^^^^^ ^ 

4P4.0359. [apo " " ^^■^'^ ^^^^ ^^^^3^' 

C11S,1iaS).11-hydr.xy-9-n,cthoxy-10-N-(2^2^2■-U,ch.oro.thcxycarbony,)^^ 
pyrrolo [2,Vc][1 ,41 benzodiazep'm-5-one (100) 

,„.e6, A » on o, DMSO ,0 46 6.63 ,n o, *y **7™--V:?r,;!:o" T.ttZ.t^ZZZ 
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ovPr 1 hoL.r Following the end of addition tho mixture was allowed to stir at -45"C for 60 minutes, then a solution of 
TEA (1 .31 ml) in dichloromethane (6 mL) was added drop wise and the mixture was allowed to warrn 
perature. The eaction mixture was washed with water (50 mL). 1 N HCI (2 x 25 mL), satd. ^q^^^°"^^^f^^°3(2 x 25 
mL). and bnne (50 mL). The organic solution was dried over MgSO, .nd evaporated. The crude produc was pu f,ed 
by lash chromatography (silica gel ElOAc/petroleum ether 1/1) to give a ^j'^f 4 g^d J- 

MHz, CDCI3) 5 2.01 - 2.15 (m, 4H): 3.43 - 3.58 (m, 2H); 3.73 (m, 2H); 3.83 (s 3H); ^'^^'l^^ ;H) - ^^^^ (d_J 
19 1HV^66(dd J-3 8 J- 9 6H/ 1 H) 7 02 (dd. J = 2.2. 7.5 Hz, 1 H ; 7.35 (m, 2H). ^^C NMR (67.8 MHz, CDCI3) 
« 23 0 28 6 ^5 2 56 1 59 9 75 3 85 2 94 8; 113.4; 120.2: 123.1; 129.^; 134.9; 154.7: 155.4; 166,7. IR (Nuloi):cm-l 
L9T2924 17^4 1616 1^80^1463 1318. 1278. 1075, 945, 812, 739, MS: m/e (relative intensity) 422 (M-1 40)^ 38/ 
(3) 275 (10). 245 (15), 217 (10). 176 (100), 150 (8), 120 (6), 70 (95). HRMS Cabulated for CieHi/CtsNPs: 422,0202. 
Found: 422.0203. [aFV + 136.5° 0.19, CHCI3). 

(1 1 aS)-9-melhoxy-1 ,2.3,11 a-tetrahydro-5H-pyrrolo[2,1 -cl[i ,4]benzodlazepin-5-one (1 01 ) 

r02671 Finely ground Cd/Pb couple (1 02 g). was added in small portions to a stirred solution ot 100 (0.64 g 1 51 
mmo! in -HF (10 mL) and 1 M Nh'oAc (1 0 mL), The reaction was loliowed by TLC (EtOAc), when no more star^^ng 
mater al was observed, the mixture was poured into ethyl acetate (200 mL) The organic phase was dried over 
and evaporated to yield the product as a pale yellow oil (0. 28 g, 80%): ^ H NMR (^^^^J^fiS^S in c^ 3373 2975 
<m ?HV 3 87 (s SH)' 5 15 (m 1H) 6.3 - 7.2 (m. 3H); 7.8 (d, J= 4,7 Hz, 1H, imine H11). IR (Nujol). cm 3373, 2975. 

62f 15?6 iSo il 9 lS, 1075. 750. MS: rive (Relative intensity) 230 (M^". 100). 215 (45), 201 (20). 187(5), 160 
Js) 146 (4): 133 (20), 105 (loj, 76 (25), 70 (45), 63 (3), 51 (3). HRMS Calculated for CaH^N.O^: 230.1055. Found: 
230.1055. [aPo = + -^^S.So (C - 0.6. CHCI3). 

Example 3(d> : Synthesis of the 7.8-Pinn ^thoxv PBD ^106. AG/105)(soe Figure 18) 
[0268] 
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4,5-dimethoxy-2-(2',2',2'-trichloroethoxycarbonylainlno)ben2oic acid (103) 

10269] A solution of Troc-CI (0.76 ml 5.56 mmol) in dry dichloromethane (10 mL) was added ^;°P;J-J°J^ 
4.5-dimethcxybenzoic acid102 (1 9. 5 Immo,) and pyridine (0.82 ml, 10.1 mnnol) .n ^'Vdichlorome^^^^^^^^ atO a 

The reaction mixture was allowed to stir overnight at room temperature and then washed with dilute HCI ( N 2x2 5 
ml) water (2 x 25 ml) and brine (20 ml). The organic phase was dried over MgSO, and evaporated to y.eld of crude 
product {1 .6 g), which was used in the next step without further punfication. 

N-(4,5-dtmethoxy-2"-{2",2",2"-trichloroethoxvcarbonylamino)benzoyl)-pyrrolidine-2-methanol (104) 

r02701 Oxalvl chloride (0.38 mL, 4.33 mmol) was added to the crude Troc-protected anthranilic acid, prepared in the 
Tev ols Son, to.etli w,th 2 drops of dry DMF In dry dichloromethane (30 mL)^A.ter initial strong e«e,vescen 
me mixture was allowed to stir at room temperature overnight. The resulting acid chloride was ^^^^^^J^^'f^ .^""^ 
30 minutes to a solution of 2S-(-0-pyrrol,dinemethanol (0.44 g, 4.33 mmol) and TEA (1 37 "^'^ 9 
d'c hromethane (15 mL) at -16°C, Th^ reaction mixture was diluted with ,e;hy. acetate (20 mL), ^^^J^^ '^^^^ 

HCI (IN 2 X 30 mL). satd. aqueous NaHCO^ (2 X 30 mL), water (30 mL) and brine (30 mL). The organ.c la/e was 
Ln^dnod over MgSO. and evaporated ,0 give a yellow oil. The crude product was ^^^'-f^^^J^'^^^^^^^ 
(petroleum ether/ethyl acetate . 50/50) to yield the product (1 .2 g, 70%) as a pale ye! ow oih H NMR (2/0 M.Hz, CDCy 
k 1 75 (m 2HV 1 92 (m 1H)- 2 17 (m 1H)- 3,53 (m, 2H): 3.72 (m, 1H); 3.86 (s, 3H); 3.93 (s, 3H), 4.19 (m, 1H), 4yi3 
J ■ H 4.77 d f I2 HZ in); 4.85 (d. 12 Hz, 1H); 6.85 (s, 1H); 7.69 (s, 1H): 9.08 (bs, 1H). "^^ 7^ (67 8 MHz, 
rr^ri^f. 1 28 2- 51 4' 56 0- 56 4 60 R- 65 9- 74,4: 95.3:104.7; 110.7; 116.3; 130 8; 144.4; 151 0; 152.1, 170 4. 
Ms"l^"livf il" Jy) 4?4 (M:!; S),-35e (3), 306 (10), 275 (5), 206 (-0)^1 79 (15)^ 150 (10^^ 136 (3), 70 (45). 
HRMS Calculated for C^H^.C^aNaOe: 454.0465. Found: 454.0464.laF^ ^ - /2.2° (c= 0.18, CHCI3). 
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(11S,11aS^7,8-dimethoxy-11-hyd^o.y-10-NK2^2^2■-lrichlora.thoxyca^bony.).1,2,3,10,1r 
pyrrolo [2.1-cl[1,4] benzodiazepin-5-one (105) 

r0271 1 A soiution ot DMSO (0.9 ml, 1 2,9 mmol) in dry dichloromethane (1 5 mL) was added ^ropwise over ^On^^^^es 
o a oiutfo rralvl cMonde (6 4 mmol) of dry dich.oromethane (15 mL) ^^^^J^^Zl^ZTi^^^^^^^^^ 
reaction mixture was allowed ,o st,r ,cr fu.her a 30 -^--^f^J^^'.^^P^^^^^^^ is 
dichloromethane (35 mL) was added drop wise over 1 hour. After addition ^^J"^^^"^^ dichloromethane (10 

allowed to stir at -45-C for 60 minutes, and then treated with a ^'^^ room Imoe^atut Th roa lonSure was 
mL) were added drop wise and the mixture was f ''^^^ /° ^^^^ and evaporated. 

. washed With water (75 mL), dilute HC! (1 N 75 mL), a colourless oil (1 .19 

The crude product was purified by flash 'chromatography (EtOAc/petroleum ether 40/^^^^ 3 - 3 75 (m 1 H): 3.91 (s, 
q. 57%) NMR (270 MHz, CDCI3) 62.04 (m, 2H); 2.11 (m, 2H); 3^47 " 3^59 (m^ 2H), 3^68 ^-^^^ _ ^ 

452.0309, IaPo== + 104.7' (C- 0.27, CHCta), 

(11aS).7,8-dimethoxy-1,2,3,11a.tetrahvdro-5H-pyr«,lo[2.1-cl[1,4]benzodiazepin-5-one (106, AG/105) 
t0272, Finely ground Cd.Pb couple (3.12 g) a~ 

mL)andNH,OAc(1M, 10 mL). The reaction was followed by TLC (QOAc), when no s g 13,^ 
m Jture wa/paurod Into ethyl acetate (400 mL). organic phase w^^^^ dned over M^^O^^- d e p ^ y 
the crude product, which was purified by flash chromatography <EtOAc) to give of the P^^o co P P y 

.3 oi, (0.45 g. 78%): NMR (270 MH.^CDC. ) 5 2.0B (m^ 2H); (r.^ H)- 3.53 - 3.63 (nv ^^Ys'.rMH.^CDCy 
3.85 (m, 1H); 3.93 (s. 3H); 3.96 (s. 3H), 6.82 (s, IH)^ J f s''^^ 5 , 64 6 |R Nujol): cm'^ 3000-2800, 1601, 

217 (10) 191 (20). 164 (25) 136 (20), 121 (5), 93 (S), 70 (10). HRMS Calculated for C,,H,^H,0^. 260.1160. Found. 
30 260,1161. [al2^D= + 1004.7° (c= 0.17, CHCI3). 

gx.m ple 3fe) : Synth^is of the 6.7.8-Triniethoxy P BD ^^^2^DmmJJ^SSJ^a}^I-^ 
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45 2,3,4-Trimethoxy-6-nitrobenzoic acid (108) 

t0274] -4-.rimethoxybe.v.oicac,d107(25g,117.Bmrno,)wasa^^^^^^^^^^^^ 
acid at 0-C for 30 minutes. The ^^^-^^^'^"^^-^^^^^ 

30 minutes. The reaction mixture was extracted with EtOA^ (■.. x 200 mL) an a afforded the product 

so w,th brine (2 x 200 mL) and dried over ar^hydrous M9SO,. Evaporat^n of exces solven ,n --o afforde p 

as a pure white crystalline solid (18 67 g. 60%): R,= 0.5 (silica, EtOAc); IR ('^"J" ;^^^'^;'^1hz C^^ . 5 j jq n h s), 

401 1308. 1246^ 1168. 1111, 1028, 920. 852. 789, 773, 728, ^^^^ ^^.^Pl ^0 J U7 79 139 6 120 V 103.6 
4 0(3H.S),3.95(3H,S),3.90(3H,S);13CNMR (67.8MHz, CDCl3)5166.0, 153.2.150.1, 147.79,139.6.120,8. 

62.2,61.1,56 .5; MS (El) m/z 258 (M+1 ), 240, 21 4. 

35 

N-(2-NitrO"4,5,6-trimethoxybenzoyl)pyrrolidine^2-metbanol (109) 

[0275] A catalytic quantity of DMF (2 drops) was added to a stirred solution of 108 (10 g. 38,9 mmol) and oxalyl 
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Coride (5.a7 a 4e. ..CO . CHC, (100 .L) under . nitrogen ^^J^^^^ ^ d^:::^ ct,rde 
to stir overnight, and tha product was used directly ,n t.e nex ^^^y-^J "J, ^^^^,,1, tr,et.ylar.ine (12,4 

was added dropwisa to a stirred solution of PV^rohdineme ano (^^^^ 9^38.8 mm ) ^^^^^.^^ 

^L, 9.8 g, 97.0 mmol) in anhydrous DCM f^-'}^^^^;^^'^^^^^^^^ mixture was washed with 1 N HC, 

rr^ixture was left to warm to roorn tempera u re and ,,yers were dried (MgSO,) and the soivent 

(lOOrriL). water (100 rriL), and brme (2x100 mL). The combinea org J 030,31^^3 EtOAc); faF ^'o +135'" (c = 
Ls removed /n vacuo ,0 afford 109 (12.1 9;^91%) as a pa,e yellow o,. J -^^^^^^^^ ^J'^^^ , ° 34,, ^22, 
0.1 , DCM); IR (neat) 3400, 3105. 2947 2878 1 652 f^t'^^^'X f4e t2H . J -^ 2.93 Hz). 4.07 (3H. s). 4.03 (3H, 
792, 758, 733, 646 cm-1; ^ NMR (270 MHj, ^^0(3) b 739 (1 H, s , 4.46 (^H^ . ^^^1^ 

rotamers) 6 165.7, 165.1, ibJ.cs, i'*^.^, • _ 
24.3; MS (El) m/7 341 (M+1). 324, 309, 293, 277, 264, 254. 

N.(2-Am1no-4,5,6-trimethoxybenzoy1)pyrrolidine methanol (110) 

10276] Hydrazine hydrate (5,67 g, 177.2 mmo,) was vIgZs evoiuiioro^'drogen 

gently reduxing methanol (142 mL) over Raney ^^^^^[^^^^^^^^^^^^^ be complete by TLC after 3 h. The 

gas subsided after approximately 10 minutes and the ^^'^^^^J'"^^,^,,,, ^ater (200 mL) was added to the 

reaction mixture was filtered through celile ar,d the 

residue, and the aqueous mixture was extracted w.th ^''''^^^ZTs m;^'^^^^^^^ of the solvent afforded 110 

H,0 (3 X 1 00 mL) and brine (3 x 1 00 mL) -d dried over anhyd ous MgSO E p ^^^^ ^^^^ ^^^^ ^^^^ 

(ni ,24 g> as a yellow oil. ° f T.«ri 339 1240 n'sO ^3 1078 1039 997, 915, 817, 731 , 645; NMR 

N.(2-[2^2^2.Trich.o^oethoxycarbonylamino^4,5,6-trimethoxyber,zoyOpy^roHdir,e-2.rn.thaoo.(1^ 

f ..n M1 94 n 36 3 mmoO in DCM (150 mL) and pyridine (5.86 mL, 5.73 g, 72.5mmol) 
[0277] A stirred solution ofllO (11.24 g, 36^3 mmol) in ^^^^^ 35 9 mmol) in DCM (50 mL) under a nitrogen 

was treated dropwise with 2.2.2-trichloroefhyl chloroformB e ^^^^^^^^^ ^^^^^.^^ ^.^^^^^ ,,,,,, 

atmosphere at 0»C. One hour after the addition of oroethyl chloro ^ ^^^^^^^ 

with DCM dOOmD and washed with IN HCt ( mL) , wa te (2 x 1 50 mU bnn^^ 0.44 (silica, EtOAc); IB (neat) 

solvent was removed in v.cuoXo -'-:^';\^'^'''^^^^^^^^ 823. 760, 624; NMR (270 MH.. 

, 6,7,8-T^imethoxy-10-(2^2^2^tric..oroethoxyca^bony,)-1,2,3.10,11.11a-hexahydro-SH-py^ro,o[2,^ 
benzodlazepin-5-one (112) 

,027S1 A solution 0, oxalyl ch.onde ,n DCM (22.3 mL ol a 2. so.Uon^44. mmol) ^^^^^^^^^^t:^^ 
mL) a - 45<>C was treated dropwise with a solution of anhydrous ^^^O (6 39 JO. J ^^^^^^^ ^.^^ ^ 
. 06 24 mL) over a period of 15 -in^tes. Tf^e reaction --'^J^^^^^^^ Triethylam,r,e (17,7 

solution of 111 (15.44 g, 31 .7 mmol) m dry DCM (34.3 "^^i and sm ed at ^ ^^^^^^^ 

ruL, 127.1 mmol) was added dropwise to the 

i^mutes. The reaction mixture was allowed to warrn '^l-^^^^oot,^; ,,,, (MgSO,)- The reaction mixture was 
layer was washed with IN HGI (200 mL), water (200 br n^SOO r^.)^^^^^ J ^4 ^ ^^„^^^ ^ ^^^^^ 

■,0 evaporated and purified by flash column ^^--^^-^.'^^f^^^o^^ 3262, 2979, 2943 2885, 1732, 

yellow glass: B,. 0.48 (silica, EtOAc); l^^^" O ^i^' b 1059 10 4. 969, 926, 888, 838, 784, 756, 720, 

1613, 1493, 1456, 1399, 1372, 1334, 1299, 1264, 124^^^201 , 1^^, 1059^ . - ^^ ^^ ^^^^^ ^^ 

693, 624; 1H NMR (270 MHz, CDCi3) 6 6.64 H, s), 638 ( 1H_s)^5.3 ( ^ • ^ ^^^^^^^^^ .sc 
(1H m), 3.95 (3H, s), 3 91 (3H. s), 3.90 (3H, 3-77 (2H, )^ 3.55 1 M, )^ 2.17 ^ ^, 62.30, 61.36, 60.48, 

55 NMR (67.8 MH.. CDCI3) 6 163.49, ^^4 32^1 52.30 ^^^f^ '^l^^ ^^'^ ^54, 236. 222, 194, 131, 102. 82, 70, 57. 

56,09. 45.56, 28 44, 22 85; MS (El) m/z 485 (M+l), 467, 398. 384, 3b0, ^yi , ^ 
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102791 10% Cd/Pb couple (2.57 20.6 mmo. Cd) wbs ^^^^^^^^^^^^^^ llt.on'nSxtL'waTIutrd^. 

20 ml) and IN NH.OAc buffer (20 ^^^l^^^^lf^^ '^Z^:^^^^^^ washed with brine (2 x 100 nnL) ar.d dried 

EtOAc (200 mL) and washed with water (2 x 100 "^^^ 33 ^ yellow glass: R, ^ 0.1 (silica, EtOAc); 
(MgSO,) The solvent w.s removed ,n « 9'^ ^ ^3' 4 1455 1428, 1392, 1359, 1275, 1245, 1203. 

\Jo 7 ,505° (c= 0.1 , DCM), IR (noat) cm 3^39, 2976, 293g^_^^^ ^ 

^1^13, 1^052, 1035, 1000, 926, B04, 751 , 665^ H NMR (270 ,^[^^ , ,3.,.,3 ^^H, r.), 

d. 8.24 HZ). 4.36 (1H, d, J= 8.79 Hz), ^01 (3K s), 3.98 ^H^J ^^^^,^'^90.1208. 
2.16-1.93 (2H. m); HRMS (FAB) calcd for Ci5HiaN204 (M i 1) ^yu.i^o 

^ ■ „**ho7RQ-TrimethoxvPBD(120,DRH:69)JseeFis^ 
Example 3(f) : Sy nthesis of the 7, 8 ,9- irimexnoM «-p \ : 
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3,4,5-Trimethoxy-2-nitrobenzoic acid (115) 



■ . v~iidr?4 37a 89 9mmol)wasaddedtoa5%soiutionofKOH(18g) 

[02811 Methyl ^^^'^-'^'^^^'^^-^-^-TT^^^^^^^^ FvBporation ol th. solvant afforded a Qrey r^sidue^ 

n MgOH (357 mL) . The mixture was heated at reflux to 50 "^'^^ J" acidified to pHI with concentrated HCI, and 
1th wa dissolved ,n H,0 (200 mL) The resulting ^'^-''"J -J^^^V J 3 x 1 oi mL), brine (3 x 1 00 mL) and dried 
rlacted With CHC,3 (3 x 100 mL). The oj^a- ^^^^^^^^^ fa^efa p^^^^ white UaH-ne solid (20.67 g, 80.4 

over anhydrous MgSO,. Filtration ^nd evaporat on «f 'ho sol.e ^ ^ 

mmol); NMR (270 MHz. CDCI3) 0 3.9 (s, 3H), 4.0 (s, 3H), 4.1 (s, -in), 

N-(2-Nrtro-3A5-trin,ethoxybenzoyl)pyrrolidine-2-methanol (116) 

r H cnliiHon Of 115 (2 57 9. mmol) and oxalyl 
[02821 Acatalyllc amount of DMF (2 '^^^f V^^l?«n il^ort a 1^^^^^^ The reaction mixture was allowed to stir 
chlor^Je (1 .40 g, 11 mmol) in dry CH.CIa (40 mL) under an mert atmo phc^ ^^^^^ 
overnight, the resulting solution of the ac.d chlonde, ^^-^S 9^'° ,-1 ^imol) and TEA (2.52 g, 25 mmol) 

Wise over 1 hour to a vigorously stirred solution ol Py^^^^J^jf^^;;^ ^^^^^^^ ^o stir overnight at room temperature, 
in anhydrous CH,C,, (40 mL) under -'^^^^t-^^^^^^^^ N MaOH 1 50 mL), H,0 (3 x 50 mL) and brine (3 x 50 

147.9, 143.5, 128.8, 104.8,65.8,62.6,61.4,61.2 56.b. 50 2, ^S.A,^ . 
N-(2-Ammo-3,4,5-lrimethoxybenzoyl)pyrrolidme.2-methanoK117) 

[02831 Hydrazine hydrate (1 .33 mL, 4.B -°') --^^^^ '2^:^;^ rls^uZ" vigLrou's evoLt'of h^ro^n 
methanol (142 mL) gently reflux,ng over Raney "'=kel (500 mg^ t to be complete by TLC after 2 h. The 

nas subsided after approximateV 10 minutes and the ^^^^*'°;^^^7.^^';;"°3t„,d water (100 mL) was added to the 
?;act,on mixture was filtered through celite ^f^'^^^f^^'^^^^^^^^ the combined organ, phase washed 

residue and the aqueous mixture was extracted with EtOAc (3 x 100 m ) ^^i^^^t afforded 

WU T3O (3 X 100 mL) and brine (3 x 1 00 mU T'^ZV^ToUH^^^^^^ ^^"^^ ' I 

pro^duct (2 1 B a 6 5 mmol) as « -L H NMR 2T0 MH. CDC 3) .^^ ^ , 

r44r '144V 14l1; ^34^ 1?7^^ 6^ : 1^ -S -.5, 56.8, U.9, 28.6, 24.9, 21 .1 , 14.2. 
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N-2.(Trichloroetho^ycarbonylammo)-3,4,5-trimethoxybenzoyl)pyrroltdine-2-n,ethanol (118) 

m2B41 A solution of 2 2 2-trichloroethylchloro1ormate (1 .37 g. 6.5 mmol) in distilled dichloromethane J^O mL) was 

g, 5.9 mmol) in distilled dichloromethane (60 mL) f^^ C-^^fter n. me dried over anhydrous MgSO,, 

6.6 {s, 1 H); NMR (67.8 MHz, CDCI3) 5 169.9, 153.2. 151 .9, 143.1 , 128.5, 120.1 , 105.^, yb.d, 
61.0, 56.3, 50.6, 28.7, 24.6, 

(11S,11aS)7,8,9-trimethoxy-11-hydroxy-10.N-(2,2,2--trlch.oroethoxycarbonyl)-1,2,3,10,11,11a-^ 
pyrrolo[2,1-cll1,4l benzodiazepin-5-one (119) 

t028S3 Anhydrous DMSO (3.1 5 mL, 44.3 mmo,) ,n dry ("/-^^^ rd^^o" rrureTan InS 
solufon o( oxalyl chlohde (2.79 g, 11 .0 mL of a 2N solution ^^'^^ ^2.0 n.rno m "^^V J^OM , 
..osphere at -45=C (varied between .38« -<^^f ^ ^^^J^^^^^^^^^ a further 

,n dry DCM (1 7 mL) ^as added dropwise over 45 minules lo me L^^f °" "".^^^^l ^ . added dropwise 

45 minutes at -45"C altar .he final add.tion of the substrate, ^^JEA ^^^^^^^^^^ ^ iJe^ to warr. to room 

.o the mixture over 0.5 hours and stirred l^-^'^^'^l^^^^^^^ separated, washed with brine 

temperature and the reaction mixture diluted with 80 mL). 1 he P ^ off-white solid 

(2 X 100 rr^L) end dried over anhydrous MgSO The solvent was ^^^^^'^l'^^'^^^^^^^^ (d. 1H), 4.5-4 8 

(4.39 g, 9 1 mmol): NMR (270 MHz, CDCI3) h 1 .95-2 2 (m 4H). 3_4-3_8 SH)^^-^ ^"^^ / 3 5 

1^1^?: si:%TaS;" - - • 

28.6, 23.0. 

7,8,9.Trimethoxy.1,2,3,11a-tetrahydro.5H.pyrrolot2.1-'=][1.4lbenzodiazep-m-5-one(120, DBH-69) 

,02ae3 1-C.P.coup,e,1.2S..10.mo,^ 
r?0m=!VLC=^^^^^^^^ 

The solution was dried over anhydrous MgSO, and the so .ds --e^'^red f 

of the solvent yielded the product as a yellow glass (0.581 2.0 mmol). NMR (2ro winz, ou 3J 
= 4 57 Hz), 7,08 (s, 1 H), 4.0-3.4 (m. 12H), 2.4-1 .8 (m, 4H) 

Example 3(0 : ^Hvdrox v-7 .-d,methoxv-1 .2,3.1 la-tetrahydrgHyrrcjoI^^ 
DRH-16B) (see Figure 21) 

Methyt 4"hydroxy-3,5-dimethoxybenzoate (121) 

Llhanol (70 -nLj.The roacllon mMuro w,s healed M rollux or a '""f'^' ^ '^^^^^^^ , 6„ mL)and allowed 

and concemr«,d >o a .Wrd o. i.s original .olumo. Tna concan,^.. ^^J'^^^^Z o^^l,:! .»o co Jlned organic 

;=«"jrsrdrrS^r=rr?3t 

50 146.6, 139,2, 121,0. 106.6,56,4,52.1. 

Methyl 4-Benzyloxy-3,5-dimethQxybenMate (122) 

102BB, Benzyl chloride (11 .04 g, BS.9 mmol) was added to a stirred solut.n ot ^l^;^-^^^^^'^ l^.T^^l 
55 6 59 g. 47,7 mmol) in anhydrous MeOH (1 75 mL) and the mixture ""J'^^l) The ornanic layer was 

Loved under reduced pressure and the residue was -^^^jf ^^^^^^^^^^ taporat oTof f he'solvent 

x^dror^n^e^:;^^^^^^^ 
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..OH (100 H,0 (100 .L), .nne (100 ^^^l;^^^^^ 

product as a yellow solid 122 (19,20 g, 63.6 mmol); 1^ NM" (270 „^i^^^3) S (s^3H) U > 
5.1 (s. 2H), 7.3-7.5 (m, 7H); "C NMR (67.8 MHz, CDCI3) 6 166.7, 153.2, 140.8, 13/.^, 1 ^b./, 
128.2! 128.0. 127.7, 125.3, 106.7, 74.9, 56.1 , 52.2. 

5 

Methyl 2-nitro-4-benzyloxy-3,5-djmethoxybenzoate (123) 

. * ,r-.,/Mr, \ H/i 7Q n 7fl 7 mmol') was added portionwise to a vigorously Stirred 
[0289] Finely ground copper nitrate (Cu(N03)2. 14.79 f ,7 ^ "^"^^J P ^^^^ ,^3^tion temperature 

146,0. 145,2, 136,2. 128,7, 128.5, 128,4, 12B.3, 117.8. 108.52, 75.5. 62,7, 56,5, 53.0. 
15 2-Nitro-4-benzyloxy-3,5-dimethoxybenzotc acid (124) 

102901 Potassiur. hydroxide (10,84 193.6 .mo,) was .dded ^^^-^^'^Z^^^^^^^ 

mmoi) in anhydrous methanol (220 mL) and the reaction ^'^^^.^^^^/f J^^, "'^^f {^'o combined orqanic 

allowed 10 cool and acidified lo pH2 wilh IN HCl and extracted ^'^^_^^hloroform (3 x 100 n1L^ The c^^^^^^ g 
20 iayers were washed with water (3 x 200 mL), bnne (3 x 200 mL) and dned over '^9^04. Ev^orat^n of excess sd^^ 
by'rola^ evaporation under reduced pressure afforded P-duct ^3 a e,^ , ^ g. 51.1 mmoi. 95 /o), 
NMR (270 MHZ, CDCI3) 6 3.9 (br s, 3H), 3.9 (br s, 3H), 5.1 (br s, 2H), 7.2-7,5 (m, 61 1). 

N-{4-Benzyloxy-3,5-dimethoxy-2-nitrobenzoyl)pyrrolidme-2-methanol (125) 

of pyrrolidine methanol (3.34 g, 33.03 mmol, 1 .1 eq) Jf^^j^ J^^.j^^,;™ night at room temperature. The 
at 0"C under a nitrogen -y;^'^:^^^^-;]',^^^ washed with distilled H,0 (2 x 1 00 

roaclion rr^ixlure was washed with IN HCl (2 x 100 '^L)^^"'^ J,^^^ ,^,^3,1 yieWed a brown glass (8,71 g. 
mL). brine (2 x 1 00 mL) and dried over anhydrous MgS04. Evaporation ot the soivem y 3 9 3H) 4 0 (s. 

142,3, 136.4, 136.0, 129.0. 128.5, 128,4, 104.8, 75,6, 65,7, 62.8, 61 .4, 56.6, 50.2, 28.3, 24.5. 
N-(2-Amino-4.Benzyloxy-3,5-dlmethoxybenzoyl)pyrrolidine-2-methanol (126) 

anol(60mL)genllyrenux!ngovGrRaneymckel(1.1g, slurry), ' ^^^^^'^'^^ ^ ^ . r ^u^t 9 h The reaction mixture 
after approimetely 1 0 minutes and the reaction was deemed to -^^^^^^^^ ^ , j^.^raue, and the 

was tillered ^-^^^ cejite and t,e ^.o (3x 100 

aqueous mixture «as exlractod wiin tlOAc ,3 x luu p,^,.,,.. „, me soivem allorded the produc bs a 

r„L) and Ddne ,3 ,. 100 mL) and d„od o.e, anhydrous '"f °4 J^'tP"™' °" 3 5 3 B (ni 4H), 3,8 (s 3H), 3,9 (s, 
.,owno,,,3,,,,103m™L„^^^^^^^ 

!i">ii 0 ,16";', , 0.3, 75,, , =0 a, », eO.S, e0,4, 56.9, 50,9,23.6, 24 9, 3, , 
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N-(4-Bcnzy.oxy-3,s.dimethcxy-2-[(2--tnmetbylsny.cthoxy)carbony.ammo[benzoy,)pyrro.ldine-2-methanol 



(127) 



55 



r0293J A solution of anhydrous pyridine (0,21 g. 2.6 mmol) in anhydrous DCM (1 O mL) was added d-PWise over 1 5 

T!L to a stirred solution of 2-(trimethylsilyl)othanol (0,92 g, 7.8 mmoi) ^ -^P^^^^r. ut on'^^ 

hydrous DCM (30mL). The reaction mixture was ''^^^'^^ll^l^^^^^^^^^ .22 
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te.pe..tu.. di,u.. with anhydrous DCM (100 n.U, wa.Hed w. NH^ 

100 mL) and dried over anhydrous MgSO,. Filtrat,an ^l^^^-^'^Pf ^'h). 1 .66-2.12 (m, 4H). 

glass {1.43 2.7 mmol, 53%); 1H NMR (270 MHx, CDCy . -0^05 -^^^y .94 0^ ( ^ ^ ^ 

3 32-3.54 (m, 2H), 3.74-3.88 (m, 8H), 4 05-4.22 m 4 ^ 4.9MS^ i , 123.4. 1 28.3, 128.1, 121.2, 

7 23-7 43 (m, 5H); 13C NMR (67.8 MHZ, CDCI3) 5 170.1 , 155.1 , 1514, 148.1 , 142,0. IJ/.I , 

105.6, 75.3, 66.1, 64.0, 61.3, 61.0, 56,3, 50.6. 28,7. 24.7, 17.6, -1 5. 

(11S11aS)-8-benzy.oxv.7.9-d*.T,ethoxy-11-hydroxv.10-N-(2.rin.ethy.sny.ethoxycarbonv.).1^ 
hexahydro-5H-pyrrolo[2.1-c][1,4] benzodiazepin-5-one. (128) 

' ,o..43 Anhydrous OMSO (0.57 . 7.2 ..0,) ^^^^ ^^^^ r^^Sr^c^ ^^^^^^^ 

solution of oxalyl chloride (0.46 g, 3.6 mmol) tn dry ^V^^ .'^J'^^^^^^ ^^^^^ ^.opwise over 45 minutes to the 
for 15 minutes, the substrate (1.35 g, 2.6 mn.o^ -n DC^^ "-^EA fl O , 0 2 rT,mol) was added dropwise 

reaction mixture, which wbs then stirred for a further 45 minutes "^^ ^^^^A 9^.^;, ^,3^,,„ ,,arm to room 

r. 10 the mrxture over 0.5 hours and stirred for a further 15 washed with IN HCl 

temperature and diluted with H^O (1 00 mL) and the phases separated. ^^^ '^^'^^'^^^^^^^^ 3,,ess solvent 

(3 x'50 mL), water (3 X 50 mL), brlr^e (3 x 50 mL) and ^^-f ^-^^^^t) (s, 9H), 0,88-0.95 

' b4ir3,\^i^3^s?s.r^^^^^ 

(11S.11aS)-8.11-dihydroxy-7,9-din,et.oxy.10-..(2--trin.et.yl.i,y.etHoxycarbo^ 
5H'pyrrolo[2,1-c][1 ,4] bcnzodiazepin 5-one(129) 

,0..S, 1 Pd^C catalyst (0.22 g) was added to a sCu.ion o, the s„ 28 (0.5. .1 ^ ^^^^^^^^^^ 
200 mL). The reaction mixtur. was hydrogenated under P'-'^'^'^J^'^XJ^^^^ not to allow the filtration 

eactron mixture was filtered through eelite, and the cel.te -'-^^'^J^'*^ ^^^^^^^^^^ \ c, rnmol, 92%); NMB 

- fj.^^^fH^z;^^^^^^^^ if- r3 ^i,;^^i^7,^^^" ''''' 

105.5, 105.2, 85.8, 64,8. 64,6, 64,5. 61.2. 60.0, 56.4, 46,4, 28,9, 28.7, 23.1, 23.0, 17.3, 
79-dimethoxy-8-Hyd«>xy.1,2,3.11a-tetrahydropyrro.o[2,1.c]l1,4lbenzodiazepm-2.one(130) 

toasei A solulior. Of TBA. . THF (4.3 r.L of a ,N sdut.n, 4.3 mmol) w a.de J ^Ufd 
0 37 g. 0.9 rr^mol) in THF (1 0 mL) and the reaction mixture heated to 35 C for 2 ^he re 

Lith BOAc (50 mL), dried over anhydrous MgSO. filtered remov . of e cess^oj^^^ ^ry^^^^^P^^ ^^^^^^^^^ 

.educed pressure "^^^^^^-' r 1 H)"4 4^^^ 1 8 79 .$, 4.05:3 23 (m, i2H), 1.3-1 .48 (m. 4H). 

S carbinolamine methyl ethers 5 7.08 (s, 1 m), \u. i n, >./ 

Examples 3(h) to (i) : Synthes is gt^:PhenjMP BDs (See Figure 22) 

Synthesis f the 7-lodo- N10-Troc-PBD Jntermedi ate (134. AG/91) , 
5-lodo-2-(2' 2 ,2 -trichloroethoxycarbony!amlno)benzolc acid (132) 

Of 5-iodoanthranllic acid 131 (5 g. 19 mmol) and pynd.ne (3T mL, 38 ™J J ^L), water (1 x 25 mL) 

The solution was stirred for 5 hours at room '^^^^"^'^^^ ZVoT^t'l^^^^^ rosHZ recristalli.ed from ethyl 
and bnne (1 x 25 mL), The organ,c phase was '-^^^^^^J'^^^J^^^^ aeetato), NMR (CDCI3, DMSO- 

436.8485. Found: 4-36 8485. 
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M.5-.odo-(r,2-,2-.tricHoroethoxyc.rbony.am,nc)benzoy.)pyrro.id,ne-2-n,e.hanoM133> 

«.i^n nf -1-^2 (4 a 9 1 mmol) in dry dichloromethane 
[0298] OxaW. c..o,ide (0.88 r.L, 10 mmo.) --^^f ^Jf ^^JJ^^™"^^^^^^^^^^^^^ roo. temperature for 12 hours, ard 
50 mU) followed by 3-4 drops of DMF as ^^'^'V^' J^^, added drop wise, over 1 hour, to a soiulion of 

hen used directly in the next step, The newly formed acid -^^lor de was added p ^i,^„„,omethane (50 mL) 

^t^O-pyrroIidinerncthano. (1 .01 g, 10 mn.o.) -^/^^^^^ X/.^u ^-'lo' cTd was Zn washed with dilute HCl 
at 20' C The reaotion mixture was allowed to st.r for ^l^^^^ '^^'^'J^ evaporated. The crude product was subjected 
HN 2 X 50 mL). water (50 mL) and bnne (50 mL), dned °^^^^'^^S04 and evap ^^^^^ ^^^^^^ ^^5^^ 

o flash column Chromatography to afford the title compound as a pale yellow o.l (3 9^ j ^ ^ 

d 5 1 77-2 28 (m. 4H); 3.48 (bs, 2H); 3.7 (dd, J - 1 .4 J = 6.2^1H), 3 94 (0^ ^ ^^^^13, 

12 HZ. 1 H); 4.84 (d, J= 1 2 Hz, 1H); 7.66 - ^^^^'^l 4 6 136 1 , 1 39,8, 151 ,8, 168.4. IR (Nujol): 

DUSO-d,) 8 25 0. 28.1 , 51 .2, 60 7, 65.3, 74.5. ^^ ^^f^ ' ''^f '^^^^^^^ MS; m/c (relative ir^tensity) 522 (M- 

cr^-^3415, 3215, 1745, 1605, 1627, 1 44^^ ] f^^^ J^^^^^^^ 372 (7) 341 (28) 272 (80), 245 (14), 216 (14), 83 (15), 70 
3), 521 iW. M 520 (M^ 3)^491 (J • ^ ^l^^^^ ^ Jourld- 521 .912^: .afV .123.4= (c^ 2.8, CHCI3). 
HRMS Catculated for Ci5HieCl3iN2'-'4- 

^ o iia-hexahvdro-5H-pyrrolo[2,1-c] [1,4] 

7.!oda-10-N-(2,2\2'-trichloroethoxycarbonyl)-1,2,3,10,11,11ahexanY 

benzodiazepm-5-one (134) 

.1 ^ /Qc; ml > >A/as slowW added (30 minutes) 
,0399] A solution of DMSO (1 .79 mL. 25.67 mmol) irj d^ ^'^^^;;^;^7;;7:t)^^,^ ".TThe mLure was allowed to 
o a solution of oxalyl chtoride (12.8 mmol) in tlT3T4%tr9 2 -moO. ^ d'V dichloromethane (80 mL), Keeping 
stir for 25 minutes and then treated with a solut.or. c ^^ ^^S^' ^'^^,",7,,ithylamir.a (6.1 mL) in of dichloromethane 
temperature below 40=0. After further ^0 .^^ warm to room tompoLuro. The orgar^ic phase was washed 

(25 mL) was added, and the reaction mixture allowed to warr^ to r P ^^^^^^^ ^^^^^^^ ^^^^ ,,^de 

ITwir (180 mL). dilute HCl (1N. 2 x '^^^^'^ ^J^^^ZZ^ other 70/30) to give o1 a P^^^^, 
product which was purified by flash chronnatograp^ 3 ,,.3 ,, ,h); 4. 9 bs, 1H) 

(3 6 q 76%): ^H NMR (270 MHz, CDCI3) S 2 02-2 1 5 (m 4H)_ v ^ ^ 7 79 (^d, J ^- 8.3, J 

4 28 (d 12 HZ, 1H); 5,17 (d, J= 12 Hz, ^^^^^^'^^ ^BSAslZ^'. 75.1 , 86.0, 93.2. 94.8, 132.0, 133.6, 
2 2 H7 1 H). 8,10 (d, J= 2.2 H., 1H). I^C NMR i^f^^f^ ^^^ ^' ^^^g ^458, 1376, 1312, 1075, 720. MS; m/e 
135 0 137.J,140.1, 154.1. 165.2 IR i^^^^^^^' ^^'^'^^^^^^^ 

(.elatlve Intensity, 520 (M^^, 62), = .137.4" (C= 1 .16, CHCI3). 

HRMS Calculated for Ci5Hi4Cl3lN2U4^ t>iy.iJuoo. 

[03001 
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rhonx/n 12 3 10 11 lla-hexahydro-5>H-pyrrolo[2,1-c][1,4] 
7-Phenyl-10-N-(2\2 ,2^-trichloroethoxycarbonyl)-1 ,2,3,1G,n ,i 

benzodiazepin-5-one (135) 

V. i R 1 mmon PdfPPh3)4 and anhydrous 

,0301, Asuspo.slon ot 134 (0.5 9^ ^ « ^^^^^^^^^^^^^^^ 

Na^cis (0.169. 1.48 mmol) in d,stiliedbonzer.e f ^ith water (2 x 20 mL). The orgar.,c p ase 

The reaction mixture was diluted with ethyl acetate (20 mL) and chromatography (ethyl acetate/ 

was drS over MgSO, and evaporated to yield a crude yellow P-'''-!,-^ ^ NMR (270 MH.. CDCI3) 6 1 .9B-2X)9 
;:ttoloum ether 30/70 ,0 70/30) '-"^^^^^ ^^/^^Pr^i'.^f ^'b i! J - 12.1 Hz, 1H); 4.73 (d, J 4,4 Hz 1H ; 
^„ 2H)- 2 12-?.15 (m. 2H); 3.51 -3.62 (m, 2H); 3-7-3.79 (r^, ^^'[ '' f !,^ 4^); 7.61-7.70 (m, 3H); 8,02 (d, J-^ 

TlsTd '=1=>.1 Hz,1H);5.66-5.73(dd . = 4^B,.= 9^8Hz IH),^^^^^^^^^^^ 

9 P H7 1H1 13C NMR (CDCl3)S 22.9, 28.7, 46.4 ^5.0 77,3. 86.0^94.9,j . 222(100), 195 (10), 166 

32 9 1335;139,2;lil.1;1B4.4;166aMS^m/e(r«^ 
(35), 140 (10), 70 (70). HRMS Calculated for C^.H^gC^aNsO^. 4bB.U4 
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CHC13). 

,,,.S)-7.Phenv^1,2,3,11a-.rfr.>,,d™.5H■p,r«...I2,1-l[1.4l«.."-'l««P'"-^°-'"''■'^^^^^^ ^^^^^^ 

Cd/R, (0.47 ffl couple add3d po*^ tZl^;^-"^^^^'^^^ l^l'^l^lZZl 

3.53-3.63 (m, 1H) ; 3.76-3.92 (m, 2H); 7^36-7.79 (m ^^Iff^^^';^^^^^^ 139.5; 145,0; 164.5; 165.1. IR 

29.8; 46.9; 53.8; 126,9; 1 27^3 127.7; ^^f ';f/^^^^-^,o;'4 , ^761 ,728, 697. HRMS Calculated for C.^H^eN^O: 

276,1261 . Found: 276.1 2bZ, iaj □ i \ 
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. ^ » -.n N (2- 2" 2"-trichloroethoxyc3rbony1)-1, 2,3,1 0,11 a-hexahydro- 
f11S11aS)-7-(4' Methoxy)phenyl-11-hydroxy-l0-N-(2 ,2 .2 

5H-pyrrc,»o[2,1-cH1 .4]benzodiazepin-5-one (137) 

Na,C03 (0, 1 6 g. 1 48 mmol) were heated at ^-''^i;ZZ^^^^^^ rr^L) and washed with water (2 x 20 mL) . 
mC) and wator (2 mL). The reaction mixture was ^'^^fj,^ '™e^^^^ oil. Purification by flash chromatog- 

The orqan,c phase was dried over g 71%). NMR (CDCI3) 5 1 .96-2,16 

Lphy fethyl acetate/petroleum either 50/50) a forded he pure compo^ ^ ^ 

4H)-. 3'54-3.63 (m, 2H); 3.71-3.79 (mJH); ^•f^^;^^^^.^^;'^ Hz, 2H); 7.37 (d, 8.2 Hz, 1H); 7.57 (d, 

d, J= 12.1 HZ, 1H); 5.66-5,72 (dd, J-^ ^""^j^^^ ""'^'^^^ TTv^z ^ H) ^^C NMR (67.8 MHz, CDClg) 5 23.0; 28.7; 

8,8 HZ, 2H); 7.64 (dd, J - 2.4, J . 8,2 ^^'J ^)';^^^ ^ " 3^7 ^ 3^^^^^ 132.2: 132.3; 133,5; 140.7; 154.5; 159.6, 
46.4: 55,4: 59,6; 75.1 ; 86.1 ; 94.9; 114,3; 126.8 1 29^ ; 1 30.6, 3^^^. ^^^^^^ ^^1 . MS: m/e (relative intensity) 498 

s°^or32i~ ^"^^ " '^^'^^'''^ 

498 0515. Four^d: 498.0513. (aF^o - +149,4" (0 25, CHCI3) 

,1.S).7H.-Met.oxyp.enyO.,2,3,11a.teUahva.-SH-pyr.o,ot2.-cH1,4,.^^^^^^ 

io3oei cd.P. coup. (0.51 g) was --^^ pof-^ ^ 1X^:^:1::::^^ 

VhF(5 mL) and aq. ammoniurti acetate (IM. 5 ^^^ /'^^^^^^^P!""'^"^ ,,„^,ed. The organic solution was evaporated 
hours, then poured into ethyl acetate (200 n,L), dned "^.^304 9^ ,,„,Hess oil 

Ld the residue purified by Hash -'--"^-^hy (^^Vl «-tate o a ^ ^ ^^^^^ 

(0.1 q. 70%). NMR (CDCI3, DMSO-dg) b ^ ^(^. ^H) 2.3 2^4 (m^ ), hz 1 H) : 7 8 (d, J^^- 4.4 H., 1H,) , 

8.8Hz.2H);7.36(d J.- 8.3H.,21i);7,6(d,^- 8,8Hz^2H)^7V2^^^^^^^ 

8 2 (d. J= 2,2 HZ, 1H). NMR (270 MHz, DM^°„J^' ^'.^ cr.-i 3000-2800, 1662, 1607, 1491^ 

127 e; 127.8; 128.0; 129,3; 131.9; 138.7: 144 3: '"^ ''J^^-^^ %^ ( 5). 237 (10), 182 (12). 153 (10), 132 
.454, 12.5, 1069, 823, 7B9. MS: ^^^'^^^ ^^^^^^^^^^^^^^ I-fI -7^3,1" (C - 0.11 , CH3OH). 

(5). 70 (1 0) HRMS Calculated lor C^gB^sN^Os. 306.1 Jb/. ru 
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[0307] 



10 




.n M to- 9" trichloroethoxvcarbonylH, 2,3,1 0,11 a-hexahydro-5H- 
(11S.11aS)-7-(3'^Nitro)pheny]-11"hydroxy-10-N-(2 ,2 ,2 -trichloroetnoxy y 

15 pyrrolo[2,1^c]-[1 ,4]benzociiazepin-5-one (139) 

Na,C03 (0 16 g, 1 .48 mmol) were heated at ref.ux, °ve^"'g^ J ^Jll 20 ml) and washed w,lh water (2 x 20 ml). 

,nL) and wa.or (2 mt). The reaction r.ixturo was ^''^^^^^^^^/^.'^y' ^'^^ purification by flash chromatcg- 

.0 The organic phase was dried over MgSO, and evaporated to yield a ^^^^ y«"°^ ° , ^ (^70 MHz. CDCI3) 5 
- TIphv ?ethy.acetato/potro,eum -^-^/f "^fJ^^-^j^^^-^T^^^^^^^^ 1H); 5.76 <d, .^10 Hz, 1H); 

2.0-2.2(rn,4H);3.6(m,2H);3.76(rn,tH);4.31 (d J-12 Hz^nM)_=^^ 75 0 86 0 94.8. 121.7, 122,6,127.5. 129.4, 

7.5-8.5 im. 8H). NMR (68.7 ^^-f'^^'^l^^^.l^^^^^ 3000-2800, 1721, 1626, 1530, 

129,9, 131.2, 132.0, 132.8, 133.9, 138.3, ^^^'^ .f ' V^^^'/J^.^^ge (^^^ (100).292 (15). 267 (54), 221 (16), 

1455, 1349, 1062, 821 , 759. MS: r./o (relative ,ntcns,ty) 513 '5,5.0235. [aPo = - ^29.6= (c 
197 (18), 164 (15), 70 (22). HBMS Calculated for C^^\^^sC,^r^^O^. 51b.0^J^. 



197 (18), 
= 0.1, CH3OH). 



<,,aSV7.,3..NI,-oph.n,0-1.^,3,11.-.».™>.»-'«-=Hi.,,K,.«l=.1-in.4I^.-*=^^ 

" ,030,, A »,„„o. o, TBAF In THP ,M s„,u,,o„, 7 e 7. -^mt" 

„ ol THF (20 mL) and Ihe reacBon m.xlu.e alio.od .0 J' ^ •'""''^^ The oroanic phase was d.M 

.«,». acoato (50 mu and washed ««h <3 >■ 6° » "^'^n chroma.og.aphy (CHO« , Id a.ord 

321 1113. laFD-= + ^29.6" (c= 0.1, CH3OH) 

DRhMQB ) (see Figure 23) 
[0310] 




MeO 



„.,4.B.nz,,o>,.3,5.d,,ne,ho,,.2.,,Mch,o™..h,.o.V>a.bon,,.,„,n.,b.nzo,,)p,,rd«d.n^..n,..h.ndM 

103,,, A soM,on o, «,2.,„ch,o™c,hv, ch,.r.,o„„a.e „ ,08 «, 4,B in d«»« d.dHordn^e.hane „0 mL, «.s 
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aaeed d.op..e ov. O S .o.. .o ^^^o.t.n h .^^^^^^^^^ 

g, 5.1 mmol) in distilled dichloromethane (20 mL) ^ C^A r,^^^^ ^^^^ anhydrous MgS04. 

DCM (1 00 mL) and washed with IN HC. (2 J^^^^^ ^ ^^d by S column chromatography (silica gel EtOAo) 
Evaporation of the solvent yielded a brown o,l which was P""' "^'^^y ^ ^ ^ 2 2 (r^. 4H), 3 3-3.6 

to aSord the product as a yellow glass (2^65 ^^^V;;-;'^^^'" ■h!^;'8''^3 'fn) . 5.1 (s. 2H) 6,6 (s, 1 H), 7.2 (br s, 1 H), 
(m, 2H). 3.6-3,9 (r^, 2H), 3.8 (s. 3H), ^^f^ ^^^7' 42 0 1 37 023 128.3. 128.3, 128.2. 120.1. 105.3, 95.4, 

7 3-7 5 (m 5H)' NMR (67.8 MHZ, CDCI3) 5 171 .5, 153 1 , 142.0. 13/.0^-3, 
75 3 74 6, 66.5. 61 .4, 61 .3, 56.3, 50.7, 28.7, 24,6. 

01S11aS)-8..enzv.oxv-7.9-d*.cthoxv-11.Hvd^oxy-10-M-(2^2^ 
hexahydro-5H-pyrrolo[2,1-c][1,4) benzodiazepin-5^ne (142) 

1031.1 Anhydro.s DMSO (0.97 12.5 ..ol) In ^^^^^^^^^^^^^ 

Llution of oxatyl chloride (3.08 r.L of a 2N --1^';^^^;;'°'^^^^^^^ DCM (25 mL) was added dropwise over 

at -45°C. After stirring ton 5 minutes, the substrate (2;46 9. 4 38 mrno ) 1 r/ ^ ^.^ 

45 m^utes to the reaction mixture, wh.ch was then f^'f^^^^^""^^^^^^ The reaction mixture was left 

was added dropwise to the mixture over 0^ hours and ^''^^jf f ™^ separate. The organic phase was 

to wanr. to room temperature, diluted with H O ^L)-^^;^^ ^50 mL and dried over M9SO,. The solvent was 
washed with 1N HCl (2 x 50 mL), water (2 x 50 , b"ne (2 x 5o ^^^^^^ ^ CDCI3) S 2.01 -2,1 7 

evaporatedto afford the product as ar^ ^«-^' ^^t". .H^. 91 (^31?)' 4 68 dd, 2H), 5.01 (s. 2H). 5.62 (d. 1 H), 7.08 



25 



30 



35 



128,4, Icio.ci, 1^0.^, iiLo.i, > 
56.0, 46.5, 46.3, 45.8, 28.7, 28.6. 23.0. 
8-Benzyloxy.7,..d,n,.thoxy.1,2.3,11.-tetr.hydropyrroloI2.1-c]l1,4lbe«.odiazepin.5-ona^^ 

103131 10%Cd.Pbcouple(1.2.,10mmolCd>.asadded. 

I mIxtVe of THF (1 5 mL) and -^H.OAc (1 6 mL)^ I^er 1 ho-^he -^^^ mixture was diluted with EtOAc (1 50 
more 10% Cd/Pb couple (500 mg) was added^Aner a fur. e 1 ^.^^^^ EtOAc (50 mL)^Be- 

mL). The solution was dried over anhydrous "^f ^J'l^^^J.'^'^'Xg _ ^ 3 ^^niol. 68%). Hi NMR (270 MHz, CDCI3) b 

(m, 2H), 2.23-1.83 (m. 2H). 
ExampleJil)i.Synt*^^ 
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4-Nitro-2-(2',2-,2--trichtoroethoxycarbonylammo)benzoicacid (145) 

50 II RR ml 12 1 mmol) in dry dichtoromethane (25 

103151 A solution of 2.2,2 trichloroothylchloroforrnate (Troc-^1) (1 .66 mU ^ ^^^^^ 
L) was added drop w,se .0 a solution of 4-n,troanthran ,c ^^^ J ^ J/^ g^^l 1 ™ mixture was 

in ichloromethane (25 ml) at 0"C. The ^ 2 5 mL) and dried over MgSO, Removal of 

. rrs^reZy^or:.;:^^^ 

sequent reaction without fuiihGr punf icalion. 
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N.t4-nitro.(2',2",2'-trichtoTOcthoxycarbonylamino) benzoyl] pyrrol]dine-2-methano» (146) 

drie^ over MqSO, and evaporated under reduced pressure. The residue was punf ,ed by flash f ^^^^^'^f ^^^V^^™ 
petroleum ether 50/50), remova, of excess eluent afforded ^ ^V^^ ^'J^'';^'^^':^ ( Tt H 435 (d J! 
MH/ CDCI3) 6 1 .7 - 2.3 (m, 4H); 3.45 (m, 2H); 3.71 (dd, J= 5.5, J.- 11 , 1H); 4.06 (r^. 2HM-43 (bs, 
13. 1H); 4.89 (d, J= 13 HZ, 1H); 7.56 (d, J= 8.4 H.. 1H); 7 96 (dd, J= 22^ J H.^ ^^s" 130 5 136 9' 

9 2 (bs 1H). 13C NMR (67.8 MHz, CDCI3) 5 24.9; 27.9; 50.8; 60.5; 64 3; 74..; ^^^^^ 9 117 9 128.6 130^^ 

149 0 51 8; 167 7, MS: m/e (relative intensity) 441 ([MM J, 1). 291 0°): ^^^f ° 2 ^ lioe'lc 0 13 

(20) 77 (20), 70 (100). HRMS Caicuiated lor C.eHisCisNaOe: 439.0104. 1-our.d: 439.0105. -110.6 (c- 0,13, 

CHCI3). 

N-[4-amlno(2-,2-,2'-trichloroethoxycartaonylamlno)ben2oyl3pyrrolid!ne-2-methanol (147) 

ro3i71 A solution of 146 (1 g. 2.3 mmol) and SnCl, 2H2O (2.56 g, 11 .4 mmol) in methanol (20 mL) was heated at 
[0317] A solution OT ■'♦o ^ y, z , acetate). The reaction mixture was reduced 

reflux for 6 hours (the reaction was monitored by TLC (3 /o methanol, ethyi ac. a , ^^L) was added 

10 1/3 of ifs onqinal volume and the pH adjusted to 6-9 with satd. aqueous NaHCOs- Elhyl "^^^^^^^ J ohase 
and the mixtu.; was vigorously stirred for 12 hours, then liltered through Cellte to remove tin sate. The or^^^^c^^.^se 
lT.r::ZZso%, evaporated to afford the product as a yollow oi, (0.94 g ^/J") -^^^-^^^ ^^^^T- 

. reactior. without further purification: NMR (270 MHz, CDCI3) 5 1 .6 - ' fj-^'^^^'^^'f}^' '^Yj^I H7 7h) 6 32 
3.5B (m. 1H); 3.62 .3.72 (m, 2H): 3.S4 ^m, 1H)^4^44 (m (d, 12.1 Hz ^ 

cm-1 3346 3000-2800, 1738, 1620, 1463. 1196, 1046, 963, 820 760. MS: nn/e (relative inten.^^^^^^ 
0 S). 179 (25), 161 (100), 134 (8), 113 (25), 77 (35), 70 (85). HRMS Calculated for C,,H,3Cl3N304. 409.0362. Found. 
409.0363. lal25D= - 60,1" (c= 0.3, CHCI3). 

N-[4-(Fmoc)amino(2',2',2-trichloroethoxycarbony.amino)benzoynpyrrolidine-2-methanol(148) 

. 10318] An aqueous solution of NaHCO^ (0 6 q, 5.67 mmo,, - f ™ ^^'f^'^^lZ'^^^^^^^^ 
n p ^ mmoh in THF (20 mL). The reaction mixture was cooled to O^C and (u.bt. g. ^.o "hmu ) 

45 758. 740, 667 MS: m/e (relative intensity) 632 (M-), 409 (15), 309 (20), 179 (25), 161 (100), 134 (8). 113 (25). 
(35), 70 (85). [al^D - - 70-3° (c-^ 0.25. CHCIg). 

(11S,11aS)-8-(Fmoc)amino-11-hydroxy-10-N-(2^2^2^Uichlo,oethoxycarbonyi)-1,2,3,10,11,11a.hexahydro-5 
pyrrolol2,1''C][1 ,4]benzodiazepin-5-one (149) 

[0310, AsolutionofOMSO(0.31 ^--^ J of di_ 

to a solution of oxalyl chloride (2.2 mmol) in dry dichloromethane (11.1 mL) at - 45 ^; ' 

,or 1 5 minutes followed by the addition of a solution of 148 (1 g, 1 58 mmol) in o ^'=l''°'''^f^l''^S^ ° S r^S ,n 
the temperature below -IcC. After further 60 minutes at -45°C, a solution of tnothylamine (0.88 ml ^-32 mmo " 
ss dchroSano(emU)wasaddedandthereact,onmixturea,,owedt^ 

was washed with water (50 mL), dilute HCI (1N, 50 mL) ar.d brine (50 m ). ^-P-;^-" ° f^^To ll l^^^^^^^^^ 
product which was purTiod by flash chromatography (ethyl acetate/petroleum eth«r 50/50). °' . sffm 3HV 

'u nished the product as a pale yellow oil (0.81 g, 82%): 1H NMR (CDCI3) 6 1 .96 - 2.16 (m, 4H), 3.47 - 3,56 (m, 3H), 
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, io 1 N7 1HV 5 64 (d, J- 12-1 Hz 1H); 7.22 - 

3 S 1H)- 4 1 - 4,28 (m, 3H); 4.46 (d, 6.1S ^^^^'^^ ^^l^l'^^^. IZ : 86,0 94.8; 117.7; 119.6; 120,1; 
vviT^ Tim 13C NMR (67.8 MHz, CDCy 5 22.9; 28.7; 46,4, 4a9^59_9 b A^^^ 30O0-23OO, 1713. 1610, 

iPd ri27 9 129 8 134 9; 140,3; 141 .3; 143,5; 153.0; 154.1; 'f'^ l;:''.^^^^^^^ ,7B (100), 152 (5), 89 (7). 

;r33%;?i^2S; 1058.908,735, 647 . S:^^^^^^^^^^ 
70 (10) HRMS Calculated for CaoHaBClsNsOs- t>^y^o^ 

■ 11 .vdroxv-10-N.(2- 2 ,2'-tnch.oroethoxycarbony.)-1.2,3,10,11,11a-h.xahydro-BH-pyrro.o 
(11S.11aS)-8-amino-11-hydroxy-iu r4 ,i 
[2,1 -cin ,4]benzodiazepln-6-one (1 50) 

10320] The prelected carbino.amine 149 (0.8 g 1 ^-^"^^l';^^^'^^^^^^^^ (1 T^T^l'^Z'TJl 

ml eq Of p'peridine). The mixtur. was aUowed ^^iJ'^ '^^^"^i, g, 50%): 1H NMR (270 MHz, CDCI3) 6 
phase was evaporated under reduced pressure to y,old^ 5.1 8 (d, . ^ 12.1 Hz, 1 H); 5 61(d J = 

19 - 2 2 (m. 4H); 3,45 - 3,7 (m, 3H): 4.26 (d, ^^^^J^^. ' ^] .Yhz^H) i^C NMR (67.8 MHz, CDCI3) b23,0; 28^7. 

0 3 HZ H)- 6.61 (S, 1 H) ; 6,69 (d, J ^ 7,3 Hz, 1 H), 7^56 ^^^-Jj-^^^Hz^ H). ^^^^ 3000-28O0. 1714. 1602, 

!° 3 i B 74 9; 95.1-. 1148: 116,5; 130.4; 135.3; l^^,^; 1^7-3. IR N^^^^^^^^ ^ ^,0), 309 (26), 

.60 ^311 1 208. 1 1 41 , 1 061 , 826, 759 , 665. MS: m/o (relauye mtens.ty) 40 / (M , ). ^^^^ ^^^.^^ ^ ^ 

5 61 (lio!, ;34 (15), 105 (15), 70 (80). HRMS Calculated for C,5H,eCi3N304. 
47 a-^^ (C= 0,5, CHCI3). 

o ■ i , ^ iia-tetrahyclrP-5H-pyrrolo[2,1-c] [1 ,41benzodiazepln.5-one (151) 
Synthesis of (11aS)-8-amino-1 ,2,3,1 1a-tetranyoio ^ ^ ^^^^^ 

103211 Cd/Pb couple (5 oq, 0.34 g> was ^^ded portion wise to a v^g^^^^^ 

Tthf (10 mL) ar,d aqueous ammoniur. acetate ^'^^l-^-^'\ZTl^^^^ r.L), The organic phase was dried over 
cr^poraturo and the reaction mi,cture was poured mto ^^^'^^Vsubiocted to flash chromatography {s .ca gel. 

721 MS: m/« (relative intensity) 215 (M-, ''OO^' l^^ ^^^^^ ! J,q^,^. 0.2, CHCI3). 
CalculatedforC,3H,3N30: 215.1058. Found: 215.1059, [al ^ 

b^^^gg^gjTone <194) (see Figure251 
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Methyl 4-methyl-3,5-dimethoxvbenzoate (187) ^^^^ 
10323] concentrated sulphur, acid (1 ^^--Z^^^^^Z:^ 

1B6) (5 01 q, 25.56 rr^mol) ir refluxing methanol (.0 ^L)- Jhe r^^^ , -p^e concentrate was 

hours then cooled to room temperature and concentrated t° ^J'^^ °^ / ^i,t,,, was extracted wah 

poued onto crushed ice (c. 150 mL) and ahowcd < ^^'"^ f " 

Xl acetate (3 x 100 mL) and the combined organic phase ^"^^f^c^ w, p^^^^^, 3, ^ 

Srddldoveranbvdrous M^^-^ --7:;^-;^^^^^^^^^ 2H), 3.91 (s, 3H)^ 3^36 (s^ BH, 

beige so.d (187) (4,865 g, 23J7 9;^^^^^,;'^^;fe. ,58,16, 158^0, 128,23, 120.39, 105.20, 104.70, 55.85, 

52.13, 8 77, 8.66 
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Methyl 2-nitro-4-methyl-3,5-dimethoxybenzoate (188) 

^ru(NO ^ 5 37 q 28 57 mmol) was added portionwise to a vigorously stirred 
103241 Finely ground copper nitrate (Cu(N02)3. 5.J/ g, ^^^^.^^ temperature below 40 C 

solution of 187 (4.8 g, 22.86 rrimol) in acetic anhydnde (30 ^^Ly whilst Keepi g ^ ^^^^^ ^^^^^^ 

The eaction mixture was stirred for 2 hours and ther^ po^^^^^ I ,, ,,, ^^ol); HUH 

leftto stirfor 1 hoar and the P-^uct collected by f.rtrajn to .f^^^^^^^^ M ^^^^ 

2-Nitro-4-methyl-3,5-dimethoxybenzoic acid (189) 

t032Sl Potassium t.yd.oxide (3.7t g, BS.S. r.n.ol) ^^^^^^^^^^^^^T :^JZ!:Zl ^ifaZed lo 
anhydrous rrethanol (80 mL) and the reaction -''^ f^^jf.fJ^l'^Jtl^ed and washed with water (50 mL) and left 

cooLnd acidified to pH 2 with 1 N HCi and the ^^'f ^ ^^'^ g^'.^f 3 loi. 81%); NMR (270 MHz, CDCI3) 6 

'.s^^^r s f Hw S r 3i .mb (B7.b mh. cocy . ia4.o. t5B.es. 

^50 03 139 3bN25 70;122.50: 107.24, 62.78,56.34, 9.62. 

N-(4-Methy.-3,5-dimeihoxy-2-nltrobenzoyl)pyrrolldme.2-methar,ol{190) 

t M IRQ f'^ qe a 15 32 mmol) and oxalyl 
[03261 A catalytic arT,ount of DMF (2 drops) was added to a ^^^^^^^^^^ reaction mixture was allowed 

EL (2,14 g,'l6.85 mmol) in dry CIt.C, (50 -^;;.,^^;:^rxtX°:^rprocodure. 4-methyl-3,5-dimethoxy- 
,0 stir overnight and the resulting acid -'^''^"^f^^^^Jf ^ ""^ 0.5 hours to a stirring solution of pyrro- 

2-nitro-bcn.oyl chlondo m anhydrous DCM (50 f^^'^^^^l'^^^^^^^ ^.5 eq) ir. anhydrous DCM (50 mL) at O'C 
lidino methanol (1 55 g 1 5.32 mmol, 1 .1 eq) and TEA f^'^^^ ,f' J^j;^'"^';, ^^^^ig^ at room temperature. The reaction 
under a nitrogen atmosphere and the reactK>n mixture ^-^^^fj^^^^ J ^^^^.^ hod with distilled H,0 (2 x 1 00 mL) 
^,xture was washed with 1 N HCI (2 x 1 00 ^"Z^^f^^^ 7,,,,,, solvent yielded a yellow glass (190) (2.13 

bnne (2 x 1 00 mL) and dried over ^^^^V'^-^^^'^f ^^^.^.^'ei , h) 4 30-4 28 (m. 1H), 3.91 (s, 3H), 3.89 (s 3H), 
g. B.56 mmol, 43% - 2 steps); NMR ° J'^ 'e^'fj, ^^h) NMB (67.8 MHz, CDCI3) 5 167,85, 161 .15. 

b2^?4"^7r]32:r2:iS.lT:^ 

N.(2-Aniino-4.methy1-3,5-dimethoxybenzoyl) pyrroUdine-2-methanol (191) 
t03271 Hydrazine hydrate (t .25 g, 39,37 -™1) was added dropwise t^^ 

Lthanol (50 mL) ger^tly refluxlng over f^^-VJ^^^ .^.^.t'^.^ed to be complete by TLC after 2 h. The reaction 
subsided after approximately 1 0 mmules ^"d^f^^/^^^^'^^J^f water (1 00 mL) was added to the residue^ and 

^.xture was lil.ered through celite organic phase washed with H,0 3 x 

the aqueous mixture was extracted with 5*°^^^^^^,^^^°°^^^^^^^^ Evaporation of the solvent afforded the product as 

so,™„, ,l.ldod . b,own 0.1 wh«.h - f'.^;;'™;^^^^^^^ a 7,59 (b, S. IH). 6,56 (=, I..), 

(11S.11aS)-8-Methyl-7,9.dimethoxy-11-hydroxy-1 W2 2^^^ tr. 
hexahydro-5H-pvrro»ol2,1-cl[1,4l benzod.azep.n-B-one (193) 
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15 



20 



25 



dropwise to the mixture over 0.5 hours and stirred or a '^'''^l' 'fj^''^^^^^^ ."J.anic phase was washed 

6^77 6? 65 59^ Si i 40 55.8B, 56 79, 46 56, 46 38. 28 70, 2B 62, 22,.4, ,0.,4, 9 75, 
8-«fctl.yl-7.9-dlmell.oxy.1.2,3.11»^lrtr,hVdropyrrok.[2.1-clt1,4)benzodaz<!plr-5-one(194l 

or excess solvent yielded the product (194) as a white glass (554 mg^Z-Oa -^-J^'" 3 33.3 51 

l"6,29 12427 Io5 71 J eO.Ss! SS-Bo! 65.70. 53,71 , 46,70, 29.52. 29.34. 24.13, 9,33, 

Example 4 : Synthesis of the C8-Amlnes 

^ - *o /HI u*,^r«v« »; oicQ-10"(2 2 2''tncbloroethyloxocarbonylaminoH11aS>2,3,5,10,11,11a- 
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^ MeO" ^^^^^ 




Nitro Di-acid (153) 

,03321 1-3,ot(4-ca.oxy-.rnethox,-Shvdroxyphenexy)^^^^^^^^^^^^ 

to 70% nitrK. acid (1 00 mL ) stirred at 0»C. "1 he reaction was st^^ed „trat,on and 

reaction rr^ixturo was then poured onto ice and allowed to stir for 1 8 ^ ^ ^e sohds were then J ^^^^ 

washed With water. The aqueous layer was then ^^'^^ffj^'^^^^^^^^^^ ,Juo to aive 153 as 

(CH,OCCH). 1 22.50 (CCOOH), 141. 14(CN02) J 49.21 (CHsCltaOC^Ib^.AUlo _ 

(15), 55 (10). HBMS Calcd. for CiiBi4NOa = 285.0511 found = 285 0538. 
2.Propene 3-{4.carboxy-2-methoxy-5-nttrophenoxy)propanoate (154) 
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ml.. This Jcid was ta.en up in ^^0^<;-^^^^^^^^^^^ .p 1.8-130 'C: 1H-NMR (CDC,)^ 

sodium sulphate. Evaporation -^^"^^""^^^'^^f^^' ^tJ^H,)- 4 65 (d 2H. J ^- 5.61 Hz); 5.27 (dd, 1H, J, ^1^28 
8 2,92 (t, 2H, J ^ 6.35 H..): 3.94 (s, 3H); 4.38 (t J = 6^41 H^M^65^ . ^ ^ 
HZ. J, --19.42 HZ); 5.33 (ddJH. J, = 1.28 Hz^ 4=17.04 ^^^^^^ 

MHz. CDCI3): S 34.1, 56,5, 65,0. 65.4, 108.5, 111^3, ; 22^'^^^^ ° ^ MS (El) m/z (relative intensity): 325 



(M 

found 232.0773 
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P,op-..nvl 4-,N.2^0,.*,Kh,o™.M,,p,r..ndi»~..box,,.2-..e,ho>,,-=-n«roph«„ox,,propano... (1S5, 

oto Mf^ilV S □ 15 34TTimol). oxalyl chloride (2 
[03341 2-Propene 3-(4-carboxy-2-methoxy 5-nitrophenylo.y)pm^^^^^^^^ (15 )^ 9^^^^ ^^^^ ^^^^^^^ 
ml. 23 mmol) and 5 drops of DMF were st.rod ,n thF (100 "^L) fo^lB ^^.^^^^ ^.^^^^^ ^, ^2s)-pyrro- 

end t.e residue dIssoWed in THF (^0 mL)^ his ^^/^^^^.^^^^^^.^.^^^.n^ine (1 .sJ g, 1 B 41 mmol). The storing 
l,done-2-caroxaldchyde diethyl t'^'°^^^t«^^^;f-^ ^ 9;^;.tfri ,nacLo and the product purified by flash chromatography 
was continued for 1 3 h The solvent was then removed m ^ 7 74 (s, 1 H, OCCHC). 6.83 (s, 

rutinTwim othy. acetate to give 155 (7.4Bg^95%) as a yeiiow o, H NMR (CDC 3)^0 ^. ( _ ^^ ^^ 
IH, MeOCCHC), 5.98-5,86 (m,1H, CH CHCH^ 53^^^^^^ ^ . OCH^CH,) 4.42 ,t, 2H, J= 7.69 H., 

OCHgCHCHs), 4.88 (d, 1H, J = 3.85 Hz NCHCH)^ 4^4 4.bb . CH^CH.O), 2.87-2.67 (m, 4H 

Ci-l,CH,OC): 3.94 (s,3H,OCH3), 3.29-3.21 ("^' ^H, NCH^ , 2.96 (p^m 0 ^ ^^ ^^ ^3^3 

SCH,CH3). 2.32-1.78 (r., 4H, NCH.CH CH )138-1.31 - ^^^'^^^^^^^^^^^ (CH,CH,0), 50 19 (NCH,). 52.80 
(SCH,CH3), 24.63 (NCH,CH,CH,). 26.28, 26.59^ CH o 65 64 (^CH,C^ 108.70 (aror^. CH), 109.47 (arorn^ 

(20) 142 (4). HRMScalcd. for C24H3507N2S2 = 527 ia/b, to 

e...,„o-3-,4.,2.d,e..v«..io.e,h,M2SH»rhW-1W'o,o,,c..bc.„,,)-2.™..ox,pHe., 

2-propeny»propanoate (156) 

,033. a (7,21 14.05 m.oi) and T.n(ii) chioride (1 5,85 .75 

100 mL) then allowed to coo,. The solvent was ^^^r/^^^^^ ^^^^'^^ The reaction mixture was 

bicarbor^ate solution at 0"C, EtOAc (50 mL) was ^^ff fj^jj;,;^^"^^," combined organics were then washed 
then filtered through Celite and the filter ,-,cuo. The product was purified usmg 

With water and brine, dried with sodiurri -'P»;^'^;",^/'l^°^^^^^^^ yellow oil, yield = 5.87g (86%). ^H NMR 

n'sh Chromatography eiufing with 5% MeOiH ,n <^'-h'™^f OCH.CHCH,), 5.31 (dd, 1H, J = 1.28 

VcDCU\ 5 6 82 (s 1H, arom. OH), 6.2B (s, 1H. arom. ^H)- 5,99-5^85 (n^lti_^ 2 . including doublet 

£ 2r 6 HroCH,CHCH,), 5,26 (dd, 1H, J ^1^28 Hz Hz^^^^^^^^^^^^ ,CH), 3 74 

at 4 62. 2H. J = 5.49 H., NH^ v NCHCH, OCH.CHCH ), ^^^^ ( . 2K J - 6 59 ^ 2 scH,CH3), 2,28-1 ,80 

(s 3H OCH,). 3.66-3.57 (m, 2H, NCH^) 2,89 (t, 2H, J = ^f^,^\^^,'=^^f ."^l" ^ 26.55, 27.23 (NCH^CH^CH^). 

n. 4H NCHiHXH,),1.25(m,6H,SCH,CH3);-CNMR(^C^^^^^^^ 64.20 (CH.CH^O), 64.41 

S;27 (CH,CH,6,, I3.2O (NCHCH), 56 08 '^^^^f'^:^^^'^^^^^ 

(OCH,CHCH,), 102.26(arom,CH), 113.71 ^^^^^^^ ^.J'^^^cO^^^ liquid fiirt.) 3500-3000, 3460, 3400 

i., ,1 (CH,CH,OC). MS ?E?: m/eVelative intensity): 482 4), 347 (2), 

2970, 1740, 1650. 1535, ^^^^^ J^f ' „ ^ 3'.. 482 1909. found -.482.1925. 

278 (31), 137 (1), 70 (3); HRMS calcd. for C23H34O5N2S2 - 4B^, 

3,4-(2-Dlet»,v«.i<,n,ethyM2S)-perhvdro-1^^^^^^^^^^^^^ 
5-(2 2 2-trichloroethyloxycarbonylamino)phenyloxy)2 prop y h 

,033ei TO a .olution of IBS (S.e7g, 11 .74 m.ot) in hV"^^ 

S. To th.s was addod dropwise at 0»C a solution ^''^^'^^^'^Ld wTh l N HC (3 X 100 mL), water (3 x 100 
was stirred for a further 1 hour at 0°C, The -^X'Lrontrer^ovedt vacuole give a brown o.l (6,8g, 88%) ^H 
n.L) bnno (100 ml ), dried overmagnosiurnsulphat^^^^^^ 

NMR (CDC,3): 5 9.14 (bs, IH^NH). ^^^^^^^^^ ^ 5 Ts^^t 1H J =1 -29 Hz. 21 .61 Hz, CH.CHCH,), 4.89-4.77 (m. 4H, 
5.31 (dtJH, J -1.47 Hz. 27.84 Hz OCH^CHCHs). b.^b (.ot. m. 
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• , ^ M , 1 1 PR H7 CHCHSEt NH CH^-TrOC). 4,62 (d, 2H, J =1.28 Hz, OCH^CHCH^). 3 81 (s, 3H, 

freLe intensity): els, 656 (M^", 1), 508 (1), 373 (6), 305 (5). 304 (27), 192 (5). 70 (12), 
3-(11-Hydroxy-5-oxo-10H2,2,2-trichloroethy,oxocarbonylaminoH11aS)-2,3.5,10,11,11a-hoxah^ 
telpyrroio[2,1-a][1,4]diazepin-8-yloxy-2-propenylpropanoate(158) 

4 35 3H CH.CH.O , NCHOH), 3.90 (s, 3H, OCH3). 3.72-3,47 (m, 3H, NCH . ^^"f f^f^ ' .^^J. 

(OC^^mVbB (COCH3), 143.93 (COCH CH,), ^ 31 - (OH.CHCH ) , , ^-^^^^^^^^^^^^^ 
(OCHgCHCH^), 114.48 (arom. CH), 110.82 i^'^'^-^^^^^-^f/^^f^f^^'^^ Y^^H ) 34 26 (Wh.O) 28 64 

rS(2THTM?irSt^^^^^^^^ 

3.(11-Hydroxy-5.oxo-7.methoxy.10-(2.2,2-trich,orocthy.oxocarbonylamino)-(11aS)-2,3,5,10,11,11a-hexaW^^ 
1 H-benro[e]pyrro!o[2.1 ,4]diazepin-8-yloxypropanoic acid (159) 

bvTLC monitoring. The reaction was then allowed to cool and the filtered throLignt.eiite. ine t ,cdCUV 5 

•n vaCo to „ve L crude mate.a. as a yellow -''^ ^^^^ "^^^..^f; T^C-CHrs 06 (' h', J 

7 22 (s 1H. OCCHCN). 7.01 (s, 1H, MeOCCHC), 6.27 (bs, COOH), 5-67 (d J K J -9.5 '^^ >^"2^„ ^ 5^ 

1H, NCH), 2.80 (m. 2H, NCH^), 2.12-1.99 (m, 4H, NOH2CH3CH,)J^21 ,^ 2H, J ^^6 ^^^^^^^^^^^^^ 

40 (CH2CH2O) 

Example 4(a) :3l7^methoxy:5^(1JaS^^^ 
B ^ioxvM-perhydro-VpyrrolyM-propanone (161)(5ee Figurejg) 
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■ ^ /i-t=,<;>-9 3 5 10 11,11a-hexahydro- 

rarbodiimide hydrochloride (44 mg, 0.23 ^^-^^ ^'^"'^.^^'''^^^ q 03 mmol) and tt^e reaction stirred for a further 

26,02. 24,42 (various N-(X)CH2), 23-"^^;^; ^ | ' 
(8^ 547 (2) 546 (8), 279 (2), 192 (4), 1^6 (18), 9B (b). 

l-pyrrolyl-1-propa"°"^ (161) 

^^^^"^ , . V added 1-(3 dimethylBniinopropyl)- 

ro341l TO a solution of 160 (100 mg, 0.1 64 mr.ol) ^-r'-^-^^^tf ™1) and the reaction stirred (or 18 

To y carbodlimido hydrochloride (38 r.g. 0.2 ..nnol) -^^^-Ik. e ( 4^^^^ ^J^^ ^ ^^^^ , 
I Z r^ixture was then dilute with f^^oroa^otU^^ (1 00 and ^^^^^^^ ^^^^^ ^^^r''oUdC d 26 3 



mg, 40%) 
30 Method B 



35 



u ,A ml ^ was added 1 -(3-dimethylamlnopropyl)- 

ros42) To a solution of ISO (100 r.,, 0.164 mr.o,) in ^ TheLctlon was then treated 

'fothvlca bodiir^ide hydrochloride {38 rrig, 0.2 mmo ) g ^^^l) and stirred for 30 minutes. The reaction 

wrtefrrutyt^monlum (200 of a 1 .0 M soK^K^^ m ■ m^^^..^ ,,3 men diluto with dteh.orometh^ 

honUeLd wRh pyrrolidine (14 mg^O 2 ^mo ^^^^ ^^.^^^ solution (3 . 60 ml ) and ^r^e (50 

ane (100 mL) and washed with water (3 ^ ^0 -L)^ sa'^^^^^^^^^^^ ,,,3, ehrcmatography elutmg with 5% r^ethanol 

-^hJ:=roS:e=^^^^ 



40 Method C: 



50 



7Z T^.soM..oneo,se.,.o,..o,,,nTH.,.u..^^^^^^^^^ 

MS (El): rwc (relative interisity). 371 (M . m-^ V 
for C2oH,504N3 = 371 -1 845, found 371 .1 788. 
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g^^^g)^j^j^^^ fsee Figure 28) 
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carbodilmide hydrochloride (44 mg, a23 Jt^^^^g'Tr^ U.e Lcln sUrred for a further 2h. The 

Blirred tor 1fn, To me reaction was added piper.dme (25 V^^, °-23 "imo ) , ^i^^^ 5% methanol m 

solver,^ was then removed .n vacuo and the ^^^^^^^ 5 7.25 (s,1 H OCCHCN). 

dichioromethane to give ,f.e product as a yoHov. o,l, y^^d = 94 mg 84/0)^ (^^ ^^^3 ^ 3,^4.24 (n. 

6 90 (s, 1H, MeOCCHC), 5.65 (d, 1H. J ^ 9.71 H^, TrOC-CH^). 5.17 d^ pjpendine-N(CH2)2), 
4H. CHOH . CH,CH,0), 3 91 (s, 3H, 56 (m 6H pipondinc-CH,); -C NMR (CDC.3): 

2.99-2.83 (m, 2H, CH,CH,0), 2.13-2 00 ^'-'^r^'^^f "ScH ) 4B 57 (COCh'cH,). 127.74 (arom. CN)^ 125.94 
5 1 68,22 (amid. CO), 1 67.1 1 (CON), 1 54 38 (OCO) . 1 ''^'''^''^^^f '^^^^^^ (CH,-TROC), 65.38 

(CCON) 114.19 (arom. CH), 110.44 (arom. CH). f f '^^^^'^f 2760 26 33 25 48. 24.44 (various N-(X)CH2), 
CH,Cfi,0), 60.33 (NCH), 56.08 (OCH3), 46.77^46.44. 42. 5^ 32. 3 2B^^ ^^^^ 

1-propanone (163) 

,^ • -rue (r, ml 1 wa<i added 1 IV! ammonium acetate solution (2 mL) 
[0346] To a solution of 162 (94 mg, 0.1 62 m mo I) ^^^^ .^^ (0,81 mmol, 100 mg) and tt,o reaction 

and the reaction mixture stirred. To tho ^^^-^^^^^Z^^^^^ (20 mL). The solution was dried 

was stirred for 90 minutes. The reaction was ''''^^^^^^ and djuted witn y ^^^^^ chromatography 

^ith maqnesium sulphate .nd the solvent removed -'^"^^ PJ^J^'^'^,'; .25 mg, 39%). NMR 

eluting wUh 5% me,f.ano. ,n dic^^ioramethane to q>ve the comp^^^^^ as ^^^^^^^^^ , ^h. J ^ 7.14 Hz, 
fCDCloV S7 67 (d, 1H, J = 4.4 Hz. N-CH), 7.51 (s. 1 H, OCCHCN), 6.89 (s in, J.7.32HZCH2CH2O), 
?H,C^O), 3.93 (s,3H.OCH3), 3 90-3.44 (m,5K N^H^^NCH p,pend,ne^N^CH )^^^^^^^^ 

2.3I-2.29 (m, 2H, C-ring CH^), 2.11-2.02 (m, 2H C-nng CH2)_1 62 T59 m, ^^ ^ ^3), 140.70 (arom. CN), 

6 168.19 (amide CO), 164.66 (imine CH). 162.43 (<;0'^'^^;.f„^^^^^^^^^^ 56 11 (OCH3). SSjl (NCH).46.70, 46.39, 
120.31 (CCON), 111 .51 (arom. CH), 110.58 L (4- m/e (relative ,ntensrty): 385 
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[1j ^p,4ldiazepin-«- vlQxyV1-propanone{165>{^^ 



[03471 



10 




O ^ 



15 
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to give the product as a yel.ow oi. (yield " -S^^^J^^^^^hTh. f 3H OCH3). 4^ 34 09 (m.lh, indo,e-CH,). 

(t J ^ 8.42 Hz. CH2CH2O), 3.71-5.00, (m,4H.NCH2,NCH,CHOHM.aJ ^s^ -in 3J. TrOC-CH.). 5.30 

4 27 (d 2H J = 11 .90 HZ, indolc-CH,). 4.43 (t, J == 6.23 Hz, CH^CH.O), 5,16 (d, 1H, ''"J'f^f. ^^"^ _ % 
132 14. 131.99 (mdotylringjunction), 128.61. 128.43 (indole-CH), 127^52, (a^^^^^ t 60 13(NCH) 56.11 

(bs, 1H, NH), NWIR (CDCI3): 5 140.37, 1 40.36 (nngjunctions), 127.15, 1 26.90, 122.b0, i^^.a 
52.31 (CH2). 

1,(2,3-dihydro-1H-indo.y1)-3-(7-methoxy-5-oxy(11aS)-2,3.5,11a-tetrahydro-1H-benzole]pyr™ 
d1a2epin-8-ytoxy)-1-propanone (165) 

^ Tuc ^ w?*Q added 1 M ammonium acetate solution (2 mL) 

[0350] TO a solution of 164 (71 mg, 0.116 mmol) ,n "J^^^ ^ ^^ol. 72 mg) and the reaction 

and the reaction mixluro stirred. To the solution was added » =°^P;J°.^%'J TnU The soiulion was dried 
was stirred for 90 r.ir,utes. The reaction was I.Hered -^^^^^^^ ^^^^ asThen^^^i^^^^^^^^^^ 
with magnesium sulphate and the solvent removed ,n vacuo. ^"'^^^^^^''''^J^^^^^ ^g. 54%). 1H NMR 

eluting with 5% methanol >n dichloromethane to give the 6 91 (s, 1H. arom. CH), 

(CDC,3): 67.66 (d, 1H, . = 4.58 CH^^N, I'^J^;^^^^ ^'^'; ^^^^^^ ^^^^H. NCH. nndoly. CH,), 

4.48 (m, 2H, CH2CH2O), 4.18-4.19 (m. '^H^'"^^^^^"^^^^ ^ 05 {m NCH^CH^CH^): 13C NMR (CDCI3); 8 
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-(11aS)-2,3,5,10,l1,11a-hexahydro-1H-benzo[c]pyrrolot2,1-a] [1.4]diazep n 8 yioxy i p p 

hydroihioride (44 mg^ 0 23 m..ol) and ^ (^^'-ty'^^'-^Pf '^"^^S sti'trori « Bh. The solvent was t.on 
Ih. reaction was added indoli.^e (27.4 mg. 0.23 rnmol) and ^^^^^^^^^^^^ '"J^ 5"^^ dicWoromethane 
removed in vacuo ar,d the compound purified ^^7;;^^°^:^^^ V 8 7 29 7 20 ; SH Isoindole arom. . arom. 

to give the product as a yellow oil (yield - 75 "^g- ^4%)^:'-^'^"^^^'^^^,^ j = 9.7 Hz, TrOC-CH^), 

CH), 6,91 (s, 1 H, aror. CH), 5.66 (d J = 9.7 H^z TrOC-CH ) 5.30 OH)^5.9 (d^ ^^^^ ^ 

4,94 (m. 2H, isolndolytCH,), 4 79 (s. 2H^ -^7^°!^' ^^^^^^^t,'' 98 (m 4H. NCH,CH,CH,); 13C-NMR (CDCI3): 
HZ.C11-H) 3 81 -3.40 (2H,NCH2), 3,03-2.85 ^'T^' CH^CHaO) 21 1 ^ (m^^ ^ . 2 2 (isoindolyl ring 
6 1 6Q.1 7 (CON). 167.02 (CON), 154.27 (OCO) J49.91 (COCH3^^ ;;' Jc^SS)^f4 28 (-m CH), 110.54 (arom. CH), 

OH i.e. C27H27N0O6CI3- 595.1044 

1,(2,3-c*ihydro.1>^2.soindo,y.V3-(7-methoxy-5-oxy(11eS)-2,3,5,11a-tetrahydro-1H.b^^^^^^ 
diazepin-8-yloxy)-1-propanone (167) 

^r.^ l^ ir. xur ml ^ wp^c; added 1 M ammonium acetate solution (2 mL) 
10353] TO a solution of 166 (75 mg, 0.122 mmol) m J (^^-J,^^ 1"^^^^^^^^ 61 mmol, 76 mq) and the reaction 

and the reaction mixture stirred. To the solution ^^^/^^^f^. ° 't.^'^ The solution was dried 

was stirred for 90 minutes. The reaction was filtered -^^^'^Af^^ ^^^^^^^^^^S^ „ash chror^atography 

with magnesium sulphate and the solvent removed m vacuo, ^^^^^if''"^^'^^^^^^ ^ /a.S mq. 83%). -"H NMR 
eluting w,th 5% methanol in ^i^Worornethane to give the co^^^^^^^^^^ ^^^^ 
(CDCI3): 57.66 (d, 2H, J = 4.39 H., N=CH), 7.48 (s ™ J^.^^.^^fg^gg^,^ 2H L-Ivl ChJ. 3.61-3,51 (m 1H, 
S,H), 4%B (t, 3H, J . 6.59 H., COCH CH ), ^^^^J^ 3^^^°^,^^^ 4H,'nCH:CH,CH,); NMR 

NCH), 2.97 (p. 5H, J = 6.9 Hz, CHaCH^O) ^^^^^ 28 (m, 2H, N ^^ ^cOCHa), 147,63 (COCV^^Ch^), 140.67, 
(CDCI3): S 169.29 (amide CO), 164.66 (imine CH , 162..2 ^^ON)„^t '^^^q^ (arom. CH). 110,53 (arom. 

arom ON), 127.86, 127 56, 123.04, 122.62 (indolyl ^'^""^ ""^^''^^llf^^^^^^^^ 24 1 8 (COGH^CH,); 

CH), 65 1 6 (COCH,CH,), 56.06 (COCH3), 53f jNCH), 1^'%''^^'^^ '^^^^^^^ HRMS cafcd. for 

MS (El); m/e (relative intensity). 419 (M-, 21), 416 (2), 415 (2), 246 (10). 245 (3). 2Jl U. 
C24H25O4N3 = 419.1845, found 419.1821 . 

(See F,gure 26) 

Synthesis of N-(fert-butoxycarbonyl)-3-hydroxypropylamine (19G) 

t03S43 Aso,ut,onof(Boc),0(25,Oa114.5mmoi)inanHydrousDCM(SO 
o,3-amino.1-propanol (195) (7.8 g, 104 5 mmol) ,n -^^ydjous DCM (100 m^^^^^^^ 

reaction mixture was allowed to stir '-J ^ hours, a«er wh,ch t^me buffer 0.5 M, pH 5.4 (2 

of starting material. The sotutlon was diluted with Eta© (1 50 mL) ana wasneu h 
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, . . , R^inQn Fyrpss solvent was removed by 

X 70 ml) sat. «quoous NaHCO^ (70 mL), brine (2 x 70 ml ) and dned o e ^9^0 ^-- ^Hz, CDCt^): 

:;ap:ri;on un^l reduced pressure to give a viscous cc^ouHess o^(196) 0 8^ g^lOO ) ^ ^ ,^ 

1H J.^ 6 04, 5.87 H., OH), 5.18 (br. 1H. HH):^'C NWIR ^^g^s 12O (100). 119 (31), 102 (49), 83 (33), 

. S ' 79.4 ,:C,.,J, 157.1 (C=0); MS (EA) ;r,/z (relative -^^^y^ ^^^f J^^, 1 175.1208: m (Nuio,^) n: (cm"^) 
76 (67). 74 (36); HRWIS (E/1) exact mass calcd for CBHiyOaN^^^^J ^ ^ 9^ 4 870, 781 , 752, 638. 

3355 2976,2936,2878. 1810. 1694, 1531, 1455. 1392, 1366, 1278, 1253, 1173, 

synthesis o, Methy. 4.tN-(.ert-butoKycarbonv.)]an.inopropv.oxy-3.n.ethoxybenzoate (19B) 
'° ,03551 Aso,.,ono.OEAO,18.30,10S,3.r.o,)in1ros.y«. 

1-propanol (196) (18.4 9, 105.3 mrr^ol) ,n '^^'^'y;^'^^^^^^ overnight ar.d the progress of the 

DEAD was added the reaction mixture v.as allowed "^^J^^";^' removed by evaporation under reduced pres- 

,a reaction was monUo.ed by TLC ^^^'^^^.^^^f ^^^f^'^^Stlpre^^^^^^^ TPO and diethyl .ydraz.ned^carboxylate, 
sure and the residue was triturated with bt,0 (300 '^^^'^J'^^'^f.ll^J^,^^ NaOH (150 mL), H^O (2 x 150 mL), bnne 

Which were rernoved by finration. The fiiuate ^-^^l^^'^'l''^^^^^^^^^ under reduced pressure and the 

(2 X 150 mL) and dried over MgSO^. Excess solvent wa. rerr^ovod J ^ beige solid (30 g, 85 

Ldo product (198) was purWied by ^'^^^'^^^^^'^^J^^^^^^^^ (m. 2H, H2'), 3.38 (dd, 2H, 5,68 

6 04 Hz hl3'). 3.90 (s, 3H, OCHsest.r). 3 93 ^T^^t^^ V 'I 2 02 8.42 Hz, H6); ■'3C-NMR (CDda, 68,7 

%\h.J M Hz,_H5), 7.55 (d. 1H, J - 1 83 Hz^.^, ^-^^f^^^^. T) 68.1 (Cf), 78.9 (C,„,,,.), 1113 (C5), 
MHZ): 828 5 (C,,„.), 29 2 (02^), 3^0 (03% 52-0 (OCH3 ..L 55. OCH ^^^^ ^^^^.^ 

112.0 (C2), 122.^84 (C,.,„), 123 5 (^); \f^f ^^^--^102 (So) HRMS E/l) exact mass calcd for C,,H,,NO,^ 
intensity): 339 (M^", 11), 266 (13), 182 (42), ^^1 (27)^102 (100^, HR , ) ^^^^ ^^^^ ^^^^ ^^^^ ,272, 

S39 1682 obsd m/B 339.1733; IR (Nu)on (cm I) 3362, 2923, 
1217, 1132, 1045, 1022, 872, 780, 762, 722. 

synthesis ot Methyl 4-Aminopropyloxy.5-methc,xy-2-nitrob.r,zoale (199) 
tOSSei Thees.er198(4.0 0,11.Sm.o,)wasadded,ns.anpo.^^^^^^ 

g o, sibstrate) at roor. terrrperature and the --tjon m.ju^e « ^^^^ '^ ^^ .^^ J^, ,3,,. 15 g of iced water 
revealed Ih. complete loss of starting rnaler.al. ^^J^t^'^^^^^f;^^^^^ filtration and washed with small amount 
was added, precipitating the product. The ^'^^^^^'T^^^^^^^^^^^ was collected by vacuum filtration and washed 
of iced water. The filtrate was cooled and a second crop of P^^^ipUate w 199 as a yellow solid, which was 

with iced water. The combined precipitate was dned >n ^^^^ ^ P T'f '^^TZ ^- ^0^-^ 03 «C: iH-NMR (CDCI3/ 
^purified further, but used directly in the ^^'^f ^^^L!^^^^^'^" OC 111). 3 ^8 (s, 3H, OCH3..,e.). 4.24 (t, 

DMSO-d,. 270 MHZ): 8 2.31 (m, 2H, H2 ). 3.20 br, 2^^)- ^h)-SnMR (CDCI3, 68.7 MHz) : 5 26.5 (C2'), 

2H, J= 5%5 HZ, HI'), 7,11 (s, 1 H, H6)^.49 (s 8-2 (J 3H^H , C ^ ^ ^^^^ ^ 

37 0 (C3') 53.0 (OCH3„„,), 56 0 (OCHg,,,,,), 66.7 (CI ), .^f 337 (70), 227 (93), 196 (47). 181 

fr ?152 6 (C ) 66 8 (C=.0); MS (E/1) m.// (relative intensity). 284 (M '^°J; ' ^ 284.1008. obsd m/e 

sirt; 000 ,122^1), .3(52). 79 (44); HRMS (E.) exact n.ss ca>;2;-,^,-r3V7'f2^92'"l 224, 1143, 1052. BB4, 
284,1018; IR (NujoF) n: (cm -) 3472, 2937. 2911, 2855, 1733, 1532. 1blb, 
812 792.773,756,724,646. 

Synthesfs of Me.y. .(M.9-f.uo.e„y,methoxycar.onv.)aminopropy.oxy-5..e1hoxv-2-n.o.en.o,c ac,a <aOO> 

,0357, A sCution . 193 (3.9 g, 1 1 2 mmol) and -<^];:^^^^-:^;;Z 'iCl O^li rltedrnTp "e 
mL H2O) was heated at reflux for 90 minutes At which ^'"^^ J^-^ j^^^^^^^ .educed pressure and the con- 

consumption of starling material. Excess ^^'^'ll2ZT::snI^^^^^^^ "^'^ -'^^ "^^^ 7,^1 

centrato diluted with H,0 (20 rr^L). 1 he ^^^^^'^^^^^''^ZZlx^^^^^^^ '° ^ Fluorcr^ylmcfhyl chlorotom.ate (3^0 
and sodium carbonate (2,9 g, 27.9 mmol) was added to ^J^"**;^^^'^^,^^.,,;,^^ the reaction mixture was allowed to 
g. 11 .6 mmol) was added portionwise over 30 m.nutes '° ^e bas^ so^J^r ^^^^^^^ ^^^^^.^^ 

s Ir tor 12 hours. Excess THF was removed by ^^''^^^^ ZZt^^^^^^ and related by-products. The 
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Tc rm^l ) 143 8 (C Fmoc„,), 148 2 (C.,«.). ''^ J ™';7?(1 00^ 178 (67), 166 (30). 102 (1?), 93 (13), HBMS 
S«V)^^3,M.- .V 3,, -''.8,, 27, (4,^iei <f^^,"lS.'4?3'lS^e. «, n: (c.^i) 17,2, ,S36, 

r3':S?T2?7",1" Tosfs7f^^^^^ 

pyrrolidine-2-tnethanol (201) ^ 

and oxalyl ctMor,de (2 3 17.9 mmol) in ^^^hydrous DOM 20 mL), a ^^^^j^^^^g cooled lo 0"C (,ce/acetono) 

TheSion mixture was stirred tor 16 Hours and he "^'^^ ^ and DIPEA (4.6 g, 35 77 r^mol) in 

der a Nitrogen atnospherc. A solution of Py^^^''^^'"^"!^ °' Snee ze addition was complete, the reaction mjxture 
«nhvdrous DCM (40 mL) was added dropwise over 30 minutes. '^^^^ ^^^ ^, ^^^^^^ l,rne TLC (95% EtOAc/ 

S owed ^0 wLm to room temperature. Starring was— d^^^^^^ , ^L), h,0 (2 x 

MeOH) revealed complete reaction. The -^^^-"-''^^"J^i'.e^^^ by evaporation under reduced pressure 
^00 ri;^, brine (i 00 mL), and dried over ^.gSO.^^^^^^^^^ 

,oaffordthecrudecompoundasabrow^oil.Punf,catK>nb^^^^ 0^.^3 86 3 

201 as a beiqe solid (5.6 82%). 1«1^D = "^53^ \' ' 3 45 2H, H5), 3.81 (s, 3H. OCH3) 3.86 3.91 

1 69-1 .88 (m 4H, H4 . 2 04-2.12 (m, 2H, 3.16 /^), 3 ^ ^ ^^^^ ^^^^ ^ ^ ^ ^^^J' 

(m, 2H. CH,-OH), 4.08-4.24 (m, 3H, HI' . Fmoc C^^^, 4.38 4^48 (m^_^ ^ ^ ^^' J'^'' 

1H He' ) 7.27-7.42 (m, 5H, H3 ^ P"^°'^-'Vi);7:fJ i /r^V'^S 9 fC^') 39,1 (C3T 47.3 (CH Fmoc), 49.5 {C5), 
mot;0^!3c-MMR (CDC,3, 68^7 J^Hz)^^ 24.M«)^2-4 ^^3.1), 10B.9 (Ce.o.). --^^ ^^^^ 

--^?^;7^^^^^^^ 

576,2257; IR (NujoH n: (cm-^ 2626. 1714, Ifalo, lo' 

759, 742. ^ 

py.o«d1ne-2-met.ano. (202) ^^^^^ ^ ^^^^ ^^^^ 

10359] A mixture of the nitro compound 201 (5.5 9;. ^^^^I"";.;;^,^^ CHCb/MeOH), After 2 hours excess 

mn was heated at reflux and the progress of the reaction ^^"'^^^""S^'JJ;'^,^^ was cooled (ice) , and treated care- 
MeOH ^astmoved by evaporation under reduced ^^^'^tiure ZTS^^^ EtOAc (170 mL) and after 16 hours 
Tu y with sat. aqueous NaBC03 (170 mL). ^iation through Ceiite. The organic layer was 

stir'ng at room temperature the 'norg^n.c prec-pita^ was^-n^-e^ y ^^^^^^ ^^^^^ g,,e a brown sol 

separated, washed with Pnno (150 mL), ^^^'^f^r.^SeSHlaJorded the pure 

Pum cation by (lash column chromatography (95% CHC'yMf OH^a«ord P ^^^^ ^ ^ H4 . 

(4 3 9, 82%) [«Fo- -78.6= (C - l-^^^;^^^^ 3^ 71^3.: f'^^^^ "m 2H. H5), 3.67 (s, 3H, OCH3), ^^72-3 78 (r.. 2H^ 
2 00-2 04 (m. 2H, H2'), 3,43-3.45 (m, 2H, ^^3), 3.4a^.^o ^ ^ . ^ ^ P^,„c CH^)- 5,92 

(br,'lH,NH),6.23(s,lH, ^^^1 s, fj^^^ (C4)^2B.6 (C3), 29.1 (C2^ 393 (C3),47,3 

7 75 (d 2H, J= 7.33 H?, Fmoc^^i) : '"^""'^'^^^^i^^^;!., V^n 36 4 (al, Fmoc), 68,0 (CV), 102,0 (CSaroJ; 
S Fmoc) 51.0 (C5), 56,6 (OCH3). 60.4 (C2). 61.1 ^'^'^^'^^ f ^ "^l, g ,c _), 141.3 (C Fmoc,^.), 144.0 (C 
S T 1 20 0 125.1 , 1 27.0 ar^d 127,7 (CH Fmoc,^i). 128.0 ^ -"^'g ^p^B) rr./z (relative intensity). 

(M+H) : rn/e 546.2626 obsd m/£' 546.2532, iR INUjoi ) 
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roated with pyridine (0.33 mL, 0.3 g, 4.1 mmol). y^e reaction mixture was allowed to warm 

in DCM (1 0 ml) was added dropwiso oyer 30 "J'-Jj^^^^^^.f^^^^^'^^^^^ .ovealed cor^plete loss of starting 

10 roorr. temperature ar.d st.rred for a ^^^^'''^''^'''I'l^^^^^ V (2 x 50 rr^L), brine (50 n.L), dried over 
material. Tho reactior. rn,xture was washed with I N Ha sok^.^ 

MgS04Jiltered and evaporated ,n vacuo. The crude resid.o was pur^^^^^^^ (,,120 35.7" {c = 0.87, CHCI3); 
MeOH toattordthepuretnchloroethyUarban.ata 03a^^^^^^ 



)5 



3H to altera ine purs..,, >L.,.. v., u....,....-^.. ._ 2 00-2.04 (m, 2H, 2.1 B (m. <in, o.h^-o^^^ 

= 54-57^'C: ^H-NMR (CDCI3. 27v, ^^Hz); b 1 ^^'T^ 4 25 (m 3H. HV+ Fmoc C^V), 4,43-4.45 (m, 

^n.. 4H. H3' . 3,72 (s, 3H. 00^3)^ ^'^J^^ f^ C^n t 83 ( ' 1H J 1 2 00 Hz. Troc CH,). 5,89 (br 1 H, Fr^oc 
■ Fmoc CH, . H2Y. 4.76 (d, 1 H, J=- 12.00 Hz, T^^^f f j.^'v 33 hz Fmoc,,,,), 7.69 (s, 1H, H3,,„J, 7,75 

. 6.82 (s. 1H, m,,.J. 7,25-7.41 (m. 4H, Fmoc , J-6';l^..lV,lif. '1" ^ ^hz • 5 25,0 (C4), 28.2 (C3), 28,9 



N W), 6.82 (s. 1H, /^6„.J, 7,25-7.41 (ri.. 4H^7;^;;vl^ ' Tac^^ 68,7 MHz • 5 25,0 (C4), 28.2 (C3), 28,9 

(d. 2H. J . 7.51 H., Frr.oc,^,). 9.06 br -^^J^^^_^ eo sT^. 66.0 (a^2-OH), 66.3 (CH, Fmoc), 68.2 (CV). 



mp 

(m 

3H 




30 



35 



distilled DCM (6 6 ml) was transferred t^o , ha ^-^^'^ HCM, 2 0 mmol) was transferred to the 
under a nitrogen almosph.re, Oxalyl ^^''^'fj'^'^lt''^^^^^ DMSO (0,3 mL, 0.3 g, 3.9 rr^mol) .n 

reaction vessel, followed by Ihe dropwise addmon over 30 m.nu es o an-^V ^^^^^ dissolved in 

dr^ DCM (4,2 mL). After stirring at -45°C for 30 mmutes, a ^^jf^^^^^^^^^ I,, ^owed to stir at -45=C tor 45 
Z DCM (6.6 mL) was added dropwiso over ^0 J- ^ -;^^'7,7;r8 mmol) in dry DCM (4.2 mL) over 30 
rr^inutes. the mixture was then ^^-'^^"^ ^7^^;^^^^ ^^^^^^^^^^ cor^ptetc consumption of starting material. The 
minutes at 45^0. After 35 minutes, TLC (97 /o CHCI,/MeOH) rcvcai H mL), washed with 1 N HCI solution 

reaction mixture was allowed to warm to room '^^^^^^'^^^^^'^^^^^^^ m v.c.o. Purilicatien by flash column 

(30 mL), H,0 (30 mL), bnne (40 mL), dr.ed ,s a brown solid (0,48 g, 78%). [afu 

chromatography (97% CHCl3/MeOH)furn.hedthe p, tected '--'J-^'^^-^^^^.2.17 (m, 6H, H2 . H2: HM 3.43-3^60 
. . 62.3« (c . 0.83. CHCy ; mp - 76-79=0, ^H-NMR £ or H W 20 4 32 (m 4H. HV + Fmoc CH . 1H Troc OH,), 
(m, 3H, H3'-r H11a), 3.66-3.73 (m, ■ ^^). 3.73 (s 3H. OCH3 , (m. ^ ^ ^ ^ ^^^^ ^ 

,0 AA^ (d, 2H. J= 6,78 Hz, Fmoc CH, , ^ fj''^''^/^^'^''^j^^^^^^ 7.32Hz, Fmoc,^,). 7,75 (d, 2H, J^-7.5 

1H, NH), 6.82 (s, 1H, H6). 7,23^7.41 (n^. BH, H9 . ^7°;-yi^ .^fj '^^fo (C2'^ 39 5 (C3'), 46^4 (C3), 47,3 (CH Fmoc). 
HZ, Fmoc,,,) ; -C-NMR (^^C.. 68.7 MHz 6 23^0 (C^, 28.6 (C^ 29^ ^,,3 ,,3.8 

56.0 {OaZh 60.0 (Clla), 66.4 (CH^ Fmoc). 68.3 ^JJ^^'-^V 130 9 (C L). 141.3 (C,^,, Fmoc), 143.9 (C,^i 
(C9) 120.0 125.1 , 127.0 and 127./ (C H,^i Fmoc), ^28.8 (C,,on,). 130-9 ^'^ on,)^ ^ ^^^^ . 

s:!^ iU; 137;. 121a, 1034,908, 723, 64^. 

Syn..e.i.oni-S)8-(N.S-f,uoreny..ethoxyca.ony,)am-.nopropy,oxy-r..etho^ 
50 pyrrolo[2,1-c][1 ,41benzodiazepin-5-one (205) 

,03ea, Vellow icad („) oxide (500 mg. 2.24 ^^^^^^^ ^ f: 

Ldded Slowly to a vigorously stirred suspension °^ ^^^^^^^^^^^ ,,„ken up carefully. After 20 minutes, the 

cadmium darkened as lead deposited on ^he surface ^'^"^^^^^ The tumps were crushed 

55 solid couple was filtered under vacuum, washed with H^O and acetone an 

and stored in a closed vial ■ n n a mmol Cd> was added in one portion to a solution of the 
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15 



20 



25 



temperature. Th. raactior, r.ixtu.e w.s stirred for 4 hours, during which timo ^^;^;^^J^^^;^^^^ 

opaque With a riuffy while precipitate. When reaction was complete as ^^'^^'^^^J^^^^^^ The filter 

were removed by filtration through Celite. and the THF removed by evaporation P''^' , ^ 

Li ,«uo wi,h CHC, i. o,d„ .0 Obtain the N,0<;,- lmi|J form o, me »">P™"-- " '^^^^^ '^^J, 
k Fmoc OH,,. 5.92 1H. NH,. S.B^ 1 H, HB). 7^29-r.41 4H. Fm» * OC.KcDct 68.7 MHz,: 

164.5 (C4,„,de) ; MS (FAB) m'2 (relative intensity). 526 (M + 1 , 15), 3-^° ^ ' r^^^'*!, ^ . , 2264 obsd 
(100). 165Tl 102 (40), 91 (10), 70 (13); HRMS (FAB) exact mass calcd <°;^3iH32N30, (M. H) . rn^c 
m/e 526.2198; IR (Nujol^) n: (cm-) 3327, 1729, 1690, 1601, 1509, 1427, 1261. 1217, 1023, 759,740, 699. 

Examples 5 to 8 : Cytotoxicity Data 
NCI In Vitro Cytotoxicity Studies 

estimated with an SRB protein assay. 
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Method 



55 



procoduro! we,e tlosc.ibed in detail by Monte and co-work, j (Monks. A ''^-■^J"'^^^^^ exoeotsd targal cdi 

1 991 83 757) Brisliy, coll suspensions were diluted according lo Ihe particular csH type ■>"'' ™ f ' i .. 

*4"50S*,OO0\e,,s per well based on cell. 

^r«=irnc:r:rr;dd=^^ 

reader was used to read the aplical densities and a nnicrocomputer processed the readings lo^o 

the dosage required to kill half o1 the cells^ ^ ^^.^^ ^^^^^ t)e the 

[0366] The results presented sn examples 5 lo 8 are LOgo values wniL.n cti 

dividing line between cytotoxicity and non-cytotoxicity. 

NCI Hollow Fibre Assay for Preliminary in Testing 

;„„7, T.a B,ole,cal lestin, Branon <'~:^ZZT:;:^< IZ^^^^T.XZ: ST. 
InaiT in screening toolfo, assessing mo polenl.al ,pVDF) Hollow libres. and a 

toncal route using a QD x 4 treatment schedule. Vehicle ccr^trots consist ^^'^ ^^^^^^^ th^ oomP 
or^ly. The fibre cultures ere collected on ,hc day following the last day of ''^^''^^^^^^^^l^^^^^^^ ,his the 

Viable cell mass . deten^ined for each of ^ '^^f^.f^Vsa^ optica,; 

%T/C can be calculated using the average optical density of compound treated ^^"^P'^^J ^ J . ^ 

density of the vehicle controls. In addition, the net increase ir. eel, ^^^'^ .^^^^^^^^^^^^^ the ^tostatic 

sample of fibre cultures are assessed for viable cell mass on the day of implantation into mice. riLis, yx 
and cytocidal capacities of the test compound can be assessed ^^n^^rroll linos This represents a total 

[0368] Generally, each compound is tested against a minimum of 12 human cancer cell lines. This represen 
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o Ml- Thf^dalR are reported as %T/C for each Of the 2 compound 
of 4 experiments since each experimeni contains 3 J . ^ intraperitoneal and subcutaneous samples, 

doses against each of the celt lines with separate ^^^^^^^Jj f^^"^^^^^^^^ xenograft models on the basis 

[03691 compounds are selected for further ,n ^^^ ^^'^^f^^^^^^^^^^ ,o of the 48 possible test combinations 

of several hollow fibre assay crileria. These 'nc ude. a /°TVC °f °j drug/subcutaneous cufture) m 

(12 cell lines X 2 sites X 2 compound doses); (2) act v. ly at a ' P ^^^^ I, either implant 

a minimum of 4 of the 24 possible <=°"^^'"^^'°"^" =1";^^°:^^^^^ ,„owb rapid evaluation of the activity of a given 

site. TO simplify evaluation, a points system has been ^^Jted;"^^^ P^^^^^ ^ ^^^^ ^^^^^^^ ^3,,,, , „ 
compound. For !his. a value of 2 is assigned for each separately so thai criteria (1) and (2) can 

:rab'e cell mass. The .ntraper.foneal and -^^-^--^ ^^^^ Tsc scor ^ ' ^ ^ '^^'^ '^^ 

:r=r;r.:ei«;m="^^^ 

without the compound meelmg these criterta. 
NCI Human Xenograft Studies 



25 



1.1 v^f-rr. ..ubiected to the NCI /nVffro Cytotoxicity Study. The 
[03711 some of Iho compounds synthesised m example 1; 
reLlfs (LC^ ;uM) arc sot out below, and are illustrated .n Figure 29. 



TUMOUR TYPE 
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UP2065 (42) 



35 



40 




[0372] 



01 the compounds tested, the 



*„v= showed c„o,ox,c., ^¥-> ?rr.?"!„sTJ:rup "S' 



55 



tested, the abov. showed cytotoxic.iy -^9-'^' '7'"^r;,, ^'^.^^oxy substituent (UP2065. 
-a., preast cancer cell lines. Replacing the -nzyloxy^g^^^^^^ ^^fn ,TnrcNS -Lolon'cancer cell lines (only 
42) significantly changed the cytoxicity profile, activity was lost againsi i y, ^^^.^^^ melanoma 



d the cytoxicity profile, activity was losi aga • ■ ^ l^^e melanoma 

.educed actlvily ao.nst Colo ZOS temained). Howeve. 
cell lines SKMEL-2 and MALME-3M, the renal cell line RXF-393 
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. 1,^1 I iDont;9 n'^^ re=^Ljlted in increased activity in the 

0 5 for UP2052 in the melanoma SK-MEL-2 cell line. 
Examp.le_6LaL:>_VLtro CytotoxlcJtyjofcomEPi^^^^^^^ 

subiected to the NCI In Vilro Cytotoxicity study. The 
[0373] Some of the compounds synthesised in example 2. were sub)ectea 



10 



S (LC^TmI :; s«o.W, and are «,».r«e. . 3" 




45 



50 
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,03.1 OU.ecompo.dstes.ed,t.eabove,ist.de.^^^^^^^^^^ 
CMS. Melanoma, Renal and Breast coll l.ne P-'^^J^^f ^^^'J^^^^^, .,„,,eased activity in the Melanoma panerThe 
subsUtuent (UP2004, 70) for a methoxy group (^^2064^^^^^^^ J^^J ';, methoxy analogue also exh,b,is 

methoxy analogue .s more potent and acts ^9 ^ ^^/^^ ^^^^^^ the methoxy analogue exhibits activity 

i-P-vod activity aga.st the colon -car ce 1 no Co,o .0^ a ^ 



the colon cancer cell line Colo f compound. Replacing the electron rich 

against the renal cei, iine BXF-393 which is not aUenLon oi activity .n son>e 

dimethoxy A-ring with an iodo substituted aromatic ring (UP2023, b4,^^ ^^^^^^ ^ ^ „,elanoma cell lines against only 



celi lines, but the analogue showed activity -^^^'^^\:^;^t^ZJ. from an al.ene to a ketone (UP2067. 
3 lor the bonzyloxy .naiogue) Changmg the '^^^^^J ^^^^..^^^JdA M^ renal cell line RXF-393, the melanomas 
172) load to additional activity against the ^^-st cancer ce line MDA ^^^^ ^^^^ ^^,.^,,2. 

MALME 3M. M14. SKMEL-28, the CNS cancers SF-539 and f "^B a 9 cancer cell Ime 

r0375T The PBD dimer UP2001 (80) exhib.ed potent and ^^J^^^^^^'^^'^^^^^^ 'J,,,^a cell lines MALME-3M 
UcJasO.. the colon cell line HCC-2998, the ^NS cancer cell lir.e SNB 75 a^^^ .^^ ^^^^^^^ ^^^^^ 



;e:y;:t:n;:o,oB::Mr.;dUAcc-e2(ve^^ 
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Example 6(b) 



[0376] Two of the compo 



unds tested undenwent the NC! HoUow 



Fibre Assay, and the res jfts arc presented bebw. 
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IP score 



3C score 



Total score 



Cell Kill 



UP2001 (80)_ 



40 



14 



54 



UP2004 (70) 



10 



18 



25 



30 



35 



40 



,03.71 UP.001 (80) an. UP2004 (.0) we. -^i-ed ^^^^^^^^^ • ""o, aS 

u .tndies or> UP2001 were performed by the Biological Testmg Branch of the NCI as 
[03781 Human lumour xenograft studies on U I- ^Wi we p 

described above. x^^noarafls (human r^ammary tunnour). Ovcar-3 (h^^an ovarian 

f03791 Athymic nude mice bcanng MDA-MB-435 1^^°^"^^^^ . ^^re treated at doses of 0.67 (high), 
umoul) UACC-62 (hur.an -U.nom.) or OVCAR-5 (hu^^^^^^^^ 
0 45 (middle) and 0.3 (low) mg/kg/inject,on g^en once every 4th day 

20 ^outro\s). dreg and its ability to retard tumour growth. 
[03801 UP2001 (80) was evaluated by measuring Ihe toxiciiy oi j ^ 




4S 



SO 



55 



nt T/C represents the width of the 
[03811 Toxicity represents the r,umber of mice which ^'^f ^^L^^^^J^'^^^ mice (C) ar,d presented as 

Uwih observed in the control population. «f " '"^^^ '^',en at low dose. 

was also observed Some loxiCy towards ^^^^1%;^°^'^^^^ the Ovcar-3 xenografts At the h,gh dose tumour 
[03831 A good dose response ^^^f ^^^^f ^^^^^ ^ ^ntrol population. At Ihe rhodium dose the value was 
growth in treated subjects was only 7% of that ^^son^d m in P ^^^^^^^^ ^^^^^^^ 

lo". and at the low dose ^l^;^^:ZTe^^^^^^^^ -ss of 250 mg was observed. No rnice died as 

[03841 Al the high dose a 73 .-o growin aeiay in y 

a result of exposure to UP2001 (80) 2 xenografts for UP2001 (80). At the 

[0385] A similar dose response for tumour growth was °bse-vedjn ^^.^^ ^^^^ ^^^^^^^ ^^^^^,^3 

!,igh Jose treated tur^ours wore 22% ^l^^; ^^^^'^ ^ were 67% of the size of the control tumours. 

28% of tne size of the control tumours and ^^^e low dose treated 
Again no mice died as a resuit of exposure to ';^P2°01 (80)^^^ 

ever, again, mice died as a result of exposure to UP2001 (80). 
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[03871 UP2001 (80) was 



. ^ r-MQ tnrr>nnr Athymic nude mice bearing SF- 





_ ■ — 1 


Toxicity ' 


%T/C 


Tur 


nour Fn 


2e ' 


High 


Med 


Low 


High 


Med 


! Low 


High 


Med 


Low 


2/6 


1/6 


2/6 


0% 


07o 


0% 


4/4 1 


5/5 


3/4 



JO 



i5 



two at 1 



[e!uS (LC,o;uM) are set out below, and are illustrated ir, Figure 31 . ^ 

UP2068 (96) 




,03.0, T^.C.-p.env.su.s.tut.dco.po.ndUP.O.^^^^^^^^ 

colon melanoma, ren.l and breast cancer panels. "^^^^^^^^'^^^ members of the melanoma panel. Inclu- 

CNScell line panel. However, UP2026 (136) was act,ve again l eaMy ^1 1 ^ ^^^.^.^^ ^^^^ , 

sior, of a methoxy group In the C7 aryl mo.ety H^^)/^^;^^^^^ '^^'/.^^ ,^11 line RXF-393. Introduction of a n.tro 

,n the lung cell t,ne NC1-H522, the nneianoma cell , Sf<MEL ^ restored once tHe 

in the lung, melanoma, renal and breast cell line panels. 
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Example 8 : In Vf fro cytotox icit y of compounds of Formula IV. 

[0391] The compounds synthesised in examp,. 4. were subjected to t.e NCI ,n V>Uo Cytotoxicity study. The results 

(LCsol^iM) are set out betow, and are iDustrated in Figure 32. 
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■ .... ^ — r 

PrUMOURTYPE 


CELL-LINE DESiGNATlON 


Ur2UUo V 1 y ! 


I JP2008 (167) 




1 C ( 




Lung 


NCI H23 




8.9 




NCI-H522 


o. / 




Colon 


HCC-2998 




8.1 


CHS 


SF-295 


8.8 


— _ , 




SF-539 


7.7 




Melanoma 


MALME-3M 


7.5 


6.8 




L.OX IMVl 


9.2 






M14 


6.2 


8.4 




SK'MEL-2 


7.6 


6.5 




SK-MEL-28 


6,5 






UACC-267 




7.1 


Renal 


RXF 393 


6.8 





r^r^r^ 1 iDonfit; ^1fi1'^ ^nd UP2008 (167), demonstrated cytotoxicity (LC50) in the 

[0392] Two of the four C8 PBD amides, UP2005 (1^^)^"° ^^^""^''''^ . ^^^.cer in panels, The compound 
NCI aUy. UP2005 (161) showed selectivity for the lung, ^^S, melanoma andj^^^^^^^^^^^ ^p^^^^ 
was particularv active in the melanoma panel exhibmng ^''^^^'-'^^V ag. ns, 5 om c^^^^^^^^^ ^^^^^^^^ 
(167) revealed a -slightiy different prof.lo being active m Ihe lung, colon, and melanoma pan 
was particularly active in the melanoma panel. 

E^taniEleiLFurther results for PBD dimer SJO^ilSjUPgOOLSQl 

bd^tigrnir^^^^^^^^^^ - 

compound (i.e. a r^easure of the stabilisation of ^^''^^''^''^'^^^^^^^ where the calf thymus DNA 

[0395] The melting temperature was determined for a 1 ^° - °oSum p osphate r 1 mM EDTA, pH 7.00 ± 
concentration is 100 mM in aqueous sodium phosphate buAer (10 r^M sodium p P 3^ ^ 

0.01 ). For calf thymus DNA at pH 7.00 ± 0.01 , the melting temperature is 67.83 i 0.06 O ^mea 

detemiinations). . ipRni inMAl tho PBD dimer 80 elevates the helix melting temperature (ATJ of calf 

[0396] For a 1 :5 nnolar ratio ot IPBDJ.IDNA), the PBIJ ™ i^^^l^al conditions, the C-ring- 

thymus DNA by an unprecedented 33.6"C after incubation for 1 8 hours at C. unacr 
unsubstituted dlmer DSB-120: 



55 




DSB-120 

other PBD dimers= 80 exerts most of its effect upon the GC-rich or n;gn lemperri 
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. fin fin°/ of its -.tabilising effect without prior incubation, suggesting 
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20 




Tomamycin 



H ir. tho tflhlf* bplow (All Aim values ± 0.1 -0-2^C) 
10397) The results tor a IPBD1:|DNA1 ratio ot 1:5 are summansed .nthetaHe ( 



r Compound 


-^;;^;;c^7^, (^C) after incubation at37-C foM 


0 1^ 


4 ll 


18h 1 


SJG-i36 (80) 


25.7 


31.9 


33,6 1 


, DSB-120 


10.2 


1 13.1 


15.1 1 


r Tomamycin 


0.97 


2.38 
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[03981 The data presented in tHeaDoveiaD,t-.Mv.v.„„ 

to daio according to this particular assay. „t ir, 1 36 (80) in the human ovarian carcinoma ceil line A2780 
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a/.,e/-. J. Cancer, 1994,70.48). ,K.,inr, the cells with the compounds ior 96 hours at 37°C, and as- 





1C50^ (H-M) for 






A2780 


A2780cis'^ 1 




SJG-136 (80) 


0 000023 


0 000024 


1.1 


DSB-120 


00072 


0.21 


29.2 


Cisplatin 


0.265 


8.4 
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a Dose ot cor^pounds required to ,nhibit ceil grov.h by 50% corttpared with control 
b RF is the resistance factor (IC50 resistant;parent) 

,0401, The ,C. va,ue for 80 ,n th. ..780 cel, line ,s ^^'^^ 

LXared to Dsl-120 (IC.o^- nM) ^^^^^ this cell l.nc with a sin^llar iC 
resistant A2780cisR (IC,o = 0.21 mM), SJG-1 36 ^^^^^J' ^'^^^^^^^ of 1 1 . The (act that both DSB-1 20 ar,d c.p at.n 
value (24 pM) to t.et In ^^^^ o, cell lines suggests that S.3-136 may have 
Give Resistance Fisclors oi ano o^, J' 
potential in the. trealn.ent of csplatin-ref .aclory disease. 

Exaniple 1 0: Ovariar, Cg rgingmaCytgt^^^^^ 

^ . ..«p„^o^rison) were evaluated for their cytotoxic activity in 

t040a] compounds of the invention (and ^^'^'^^^lll^.^^^^^^^ Research, Sutton. UK. The five cell iines 
ovarian cell lines by Dr Lloyd B. Kellanrfs group at The Institute 
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o ^ r M1 /rH1 risR (ci^^R denotes that the cell line is resistantto cisplatin^ 

[0403] Single viable cells were seeded m ^'^^'^^^^^'^^^'^^^^^ concentrations) immediately prior to Bdd.ng 
overn qht The PBDs were then dissolved in DMSO (to 2° mM ar g 100 nM to 2.5 nM as follows: 

Mho cells in quadrupliCBte wells 1^^^^^^^^^^^^^^^ '"l 
100 25 1 0, 2.5. 1 mM: 250, 100, 25, 10, 2.5 nWI (drugs were ^'J^^^^ ^ medium was removed and 

Tsting we volume of 160 to give final ^^-^^^''^'^''^.''if^^^^^^^^^ Zutes. The wells were then washed 

r lining cells fixed by exposure to ^ trichloroace.c ac d on i^^^ ^ 

3 4 tir.es w it'h tap water, air dried overnight f^.^^lSs were washed 3-4 times with 1% acetic 

acetic acid. Staining was -''^-^^f.^^^^^'^^/^^^'-^f, were then shaken and absorbance readmgs at 

acid, air dried and then added to ^^I'^'Zl^.^^.^^^^^^ P^^^^^"' f"'' 

(a) Compounds of Formula I 
[0404] 



20 



25 



30 



35 









l< 








\~ Compound 1 


A2780 


A2780cisR 


CHI r 


CHlcisR 


Skov3 


Anthramycin 


0.155 


0.16 


0.062 


0,05 


0.16 


UP2003 (24) 


0.0145 


0 12 


0.016 


0,04 1 


0.012 


UP2061 (31) 


0.1 


0,27 


0-105 


0 16 


0 46 


UP2052 (33) 


0.07 


0 105 


0.09 


0.037 


0.105 


UP2053 (56) 


0.0054 


0,058 


0.0115 


0 011 




UP2065 (42) 


0.36 


0.46 


0.115 


0,15 


0.45 


UP2074(10) 


0.155 


0.43 


0.105 


0.27 


0.52 


rLiP2089 (177) 


0.0022 


0.0042 


<i0.0025 


0 0023 


0.0054 


UP2092 (179) 


, 0.004 


1 0.007 


0.0016 


0.0082 


0.0093 


UP2095(181) 


<0.05 


<0.05 


<0.05 


<0.05 


<0.05 







40 



104051 The most potent members of ^^'^ S^Xl'MTprand'uT^o"" (181 V Without wishing to be bound by theory, 
at the 2 position of the PBD: UP2089 (177), UP2092 (179) ^^^;°f '^J^^ conjugated endo-exo unsaturatton 

" . H . ir-jtinn .. /^\ftn„ 



also possesses conjugated endo exo ^^^f^^'^^. ,,p|,cation and thus generally show high cyto 

10406] PBD dimers are able to cross-link DNA and f ^^^^Ws potent activity in these ovarian cell 
rcity. The PBD dimer UP2053, which possesses only ""^^^f ^"^f^^^^ the monoo^ers UP2089 and 2092. 

ines The dimer is markedly more cytotoxic than -"'^^^^V^" ^"J "^J/,; unsaturation, these molecules 

oSt] The remaining molecules of ^ ^^;:!^^12ZZ^^^^^ 
are broadly comparable with anthramycm. However, tho ester u 
anthramycin against these ovarian tumour cell lines. 
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(h) compounds of Formuts If 
[0408] 



10 



15 



UP NO. 



Anthramycin 



UP200i (80) 



UP2004 (70) 



UP2023 (64) 



UP2064 (74) 
UP2Q67 {1/^) 



nP2100 (2 07 )_ 



A27 8 0 



0.155 



0 . Q0QQ23 
"0,029 " 



A278acisR 



^16 

,000024 



0 ,49 



1,45 



0 , 15 



0 .115 



<0.05 



0.3 6 



0 .39 



0 . 066 



CHI 

0 , 062 



0 . 00012 



0 . 01-: 



0.37 



0 . 066 
0 . 165 



:0 .05 



[0409] compound UP2100 (207) has the structural; forrriula: 



CHlcisR 
0, 05 ^ 



0 . 0006 



0.082 



0.43 



0 . 084 



0 , IS 

-:0 ,05 



5kQv3 
0 . 16 



0 . 0091 



0.35 



16 



0.39 
0 . 54 



0 . 081 



BnO. 



MeO" 




25 



207 



30 



35 



and was synihesised by the same route as levels across the ovarian tumour cell line panel. 

comparable to tjal for a.lhramycn^ ^^Ll 7 and 8 positions. 

UP2004 (70). which contains two alkoxy groups at tne / anu h 

(c) Compounds of Formula ill 

[0412] 



40 



45 



50 



55 









iC 






Compound 


A2780 


A2780cisR 


CH1 


CH 1cisB 


SKov;5 


UP2020 (90) 


10 


7.2 


17 


2,8 


1.6 1 


UP2021 (130) 


>100_. 


>100 


51 


47 


>ioon 


UP2022 (143) 




16.5 


14 


11 


33"| 


' UP2024(101) 


1,4 


1.8 


1.45 


1.25 


"2^35 


UP2025 (106) 


^ 0 064 




0.082 


0.11 


1.7 1 


UP2026 (136) 


1.15 


3.7 


i 1.5 


1.45 


4.9 


UP2027 (138) 


0 56 


1,55 




1.15 


1.7 


UP2029 (140) 


34.5 


j 32 


^ 22.5 


14 




UP2066 (113) 


11 


12 


3.8 


7.4 


15 


njP2068 (96) 


0.47 


0.66 


0.52 


0.42 


0,76 
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(continued) 



15 



20 



25 











Compound 


A2780 


A27a0cisR 


CH1 


CHIcisR 


Skov3| 




0.84 


0.45 ^ 


1.6 


22 


2^5 1 



104131 UP2025 . .ost potent .ono.e. w.. two 

[041 31 . ^1 roups appear to be less cytotoxic teg. ur 



iollompounds with 3 electron ^^nj^ ^ S^JJ',^ ^^^^3^^^^ In the ovarian tumour ce,. .ir.es. 

[041 4] The Simple pher^yl s.bstit.ted 'JP^OS^^^^^^^^^ ..,„,33es cytotoxicity (138) but the pr.s- 

roTrn^ei^r;;^^^^^^^ 

fd) Compounds of fomuia. tV 
[0415] 



1 iC5o/^M 




1 


Compound 


A2780 


A2780clsB 


CH1 


CHIcisR 


Skov:^ 


UP2005 (161) 


15 


4.3 


1.4 


1.85 


5.4 


UP2006 (163) 


3,2 


14.5 


4,9 


7.9 


23.5 


UP2007 (165) 


1.55 


4.9 


1.5 


3.0 


5.8 


UP2008 (167) 


0.23 


0.94 


0.24 


j 0.42 


1.45 


UP2088 (205) 


11 


8.5 


12 




14 



30 



Claims 

1 . A compound of the fomiula: 



35 



40 




45 



50 



wherein p is 3 to 5. 

H . i V r^ProDanc^ 1 3 diyl)dioxy]bis[(11 aS)^7-methoxy- 

caliy acceplabie carrier or diluent. 
4 Th. u„ o, . co^ound accor.ing ,o Cairn 1 o, claim 2 In , ™.ho. o, « 

^ based disease. 

. . .i..;rr. 9 in nrenare a medicament for the trealment ot a 
6. The use of a compound according to either claims 1 or cla.m 2 to prepare 
viral, parasitic or bacterial tnfection. 
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7 A process for preparing a compound accordir,g to either C.im 1 or c.aim 2. 

.ndaccordlngtoe..erc.ai.1orc,aln.2rorthepreparatlo.oran.edlca.enuorthetrea..^ 



8. Theuseotacompo 

of cisplatin-ref actory disease 

5 
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Figure I 
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Figure 2 
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C) 




o 

33 {SJG-303, UP2052) 



Figure 3 
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Figure 4 
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Figure 5 
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Figure 6a 
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Figure 6b 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 1 0 
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Figure 1 1 
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Figure 12a 
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Figure 12b 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 17 
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Figiire I 8 
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Figure 19 
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Figure 20 
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Figure 22 
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Figure 24 
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Figure 23 
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Figure 25 
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Figure 27 
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(54) Py r ro I obe nzod i aze p i n es 

(57) Connpounds of tlie formulae la and lb: 




(«a) 




(fb) 



CO 
< 

o 

Csl 
CO 



LU 



wherein: 

A is CHg, or a single bond; 

R2 \s selected from: R. OH. OR, CO2H, CO^R, COH. COR, SO^R, ON; 

and Rc, are independently selected from H. R. OH. OR^ halo, amino, NHR, nilro. MOaSn; 
and R. \s seiectGd from H, R, OH. OR, halo, amino. NHR. nitro. Uo^Sn.^ where R is as defined above, or the 
compound is a dimer with each monomer being Itie same or different and being of formula la or lb, where the Rg 
groups of the monomers form together a bridge having the formufa -X^R'-X^ linking the monomers, where R is an 
^Ikylene chain containing from 3 to 1 2 carbon atoms, which chain may be mlermpted by one or more helem-atoms 
and/or aromatic rings and rr^ay contain one or more carbon^carbon double or tnple bonds, and each X is independ- 
ently selected from O, S, or N; 

except that in a compound of formula la when A is a single bond, then Ro is not CH^CHtCONH^) or CH^CHlCONMe^), 
Other related compounds are also disclosed. 
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